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PREFACE 


In common with the other members of this series, in no 
sense does this little volume aspire to the comprehensiveness 
of a text-book. Its aim is to bring within a small compass 
and to present in a readily accessible form the research 
work which has been done within the last few years in 
ophthalmology and its associated sciences. Its main func- 
tion is to serve as a connecting link between the standard 
text-book and a bulky and cumbersome periodic literature, 
to point out the trend of modern thought, and to give 
some indication of what should be accepted as reliable and 
what should be regarded with reserve. 

The obligation implied in this is no light one—to prove 
all things and cleave to that which is good. To Ce e 
assess the significance of contemporaneous evek iv never 
easy, and too often not a little dangerous : the more 
so does this apply to a subject which i gely clinical, 
and the interpretations of which are fore frequently 
personal. For what is an ES, is easy to stand 
upon the banks of the stream, t w a straw now here, 
now there, into its current, and (T) ch how it is turned and 
twisted about among the old: but it is difficult at times, 
to be sure whether the gÑ is going forwards. or re ally 
going back or, after ae ly turning round and round. 
And so the most habie 
those things which Sop} 
interest and Way could be talked of consecutively, and to 
protect my we and the reader—by hinting that perhaps 
this or might be considered in the light of a retro- 
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“thing seemed to be Tor take: 
heared to me to be of importance-afid, 
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Whatever responsibility I may thus have undertaken, I 
derive some assurance from the reflection that the book is 
written, not primarily for the junior student, but for the 
senior one, and I take it that he is able to form his own 
opinion upon these matters. Should he not agree with 
my point of view, he will probably admit that a mere skeleton 
of experimental data without the clothing of a system of 
philosophy is, to say the least, somewhat uninspiring. 
The philosophy of a preface is that it forms the author’s 
subjective introduction to the objective matter which is to 
follow. The philosophy which underlies these pages is 
that all things of which we have experience are most easily 
explained in terms of the same fundamental co-ordinates as 
being different expressions of the same fundamental entity ; 
that the body (including the eye and the central nervous 
organisation which integrates and interprets the stimuli 
received from the eye) is a physico-chemical mechanism 
exhibiting at a higher level the same activities which are 
more easily investigated in the less complex systems of 
the non-living world ; and that an Advance gonsists essen- 
tially in the elucidation by Scientists, i INT far as their 
knowledge permits, of the higher of t N terms of the 
lower, and in the guidance by Mec men, in as far as 
they are able, of the working of t Nee for good. 

The danger of ee Q a element applies 
especially to those aspects œ De with which I have 
associated myself. If Ih erred in this, or in colouring 
or interpreting the work others according to my own way 
of thinking, then I d guilty to my humanity ; and I 
will attempt to a for my deceits by warning the reader 
that those s s wherein he finds my name should be 
read with A an unusual degree of hostile criticism. 
But in Re , “ read not [said Bacon] to contradict and 
confytgnbr to believe and take for granted, nor to find 
N discourse, but to weigh and to consider.” 

è second function of a preface is that it forms a medium 
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whereby to acknowledge one’s debts. I have eaten of the 
crumbs from many a goodly spread table, and to acknowledge 
all my indebtedness would be a large task indeed. I am 
under obligation to many of the writers I have quoted, 
both at home and abroad, for their personal interest, and I 
have to thank them, as well as a number of scientific 
journals, for permission to use or reproduce many illustra- 
tions ; each of these is acknowledged as it occurs in the text. 
All the coloured plates, the original drawings, and the copies 
of the figures borrowed from foreign sources have been 
prepared in the drawing department of Th. Hamblin Ltd. ; 
to them belongs the credit of their artistic value. Mr. 
R. R. James and Mr. E. E. Henderson have relieved me of 
much anxiety by their kindness in reading the proofs. 
Finally, the conception of the book is not my own, but is 
that of Messrs. J. & A. Churchill. The artistry of its pro- 
duction is also theirs: and my share of it—the writing— 
they have in numberless ways made a pleasure. 


W. S. DUKE-ELNÜER. 


HARLEY STREET, Lonpon, W. < 
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INTRODUCTION 


THE ADVANCE OF OPHTHALMOLOGY 
rävra pel. 


“ There is nothing permanent but change: nothing certain 
but that everything is unceriain.” 


“For once and for ever, in no branch of learning, shall 
anyone stray from the philosophy of Aristotle ” ; so decreed 
the citizens of Geneva at the end of the sixteenth century. 
The series of which this velume forms a unit is the answer 
of the twentieth century to the spirit of the sixteenth. 
Among the branches of medical science no one can deny 
that ophthalmology has progressed as definitely as any. 
Within recent years these advances have | dominated 
by three factors: the increase in accuy of diagnostic 
methods, the application of the methods 1ysico-chemistry 
to biological problems, and the ten v—just beginning— 
to interpret psychological events x piological basis. 

The ease with which the ey GN, itself to examination 
on account of the transpa®ency of its media has made 
ophthalmology the most eat of the branches of medicine. 
Elsewhere in the bog the clinician reasons largely by 
inference ; here gäe directly pathological pro- 
cesses as they o in the living tissues. The greatest 
stimulus C) )hthalmology has ever known was the 
introductio1 the ophthalmoscope by Babbage in the 
middle Rx) century. In our own day the exploitation 
lamp is having a similar, although considerably 


NS fect. It is admitted that the principles it involves 
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E lot new, but are merely the old ones applied more 
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scientifically. It is true that its introduction has brought 
to light few new facts, but has rather given rise to a re- 
assortment and amplification of knowledge. It is true 
that the enthusiasm which naturally centres round it may 
have led to an over-estimation of its value. But at the 
same time it cannot be denied that it has taken a large 
number of phenomena which had not been susceptible to 
ready clinical investigation out of the province of research, 
transported them, as it were, out of the museum and estab- 
lished them in the clinic, and given an immensely practical 
interest to what had hitherto remained largely academic. 
Its value should be judged by the impetus it has given to 
research, and by the mass of clinical observations which 
have accumulated since its introduction. Nor has it yielded 
as yet by any means all the potentialities it possesses. 

The second factor, the application of biochemical methods 
of enquiry to biological problems, is an advance of a more 
fundamental nature. The two “major” diseases of 
ophthalmology, cataract and glaucoma, are purely physico- 
chemical problems, and it seems not over-sanguines®p hope 
that some day they may be overcome by physi Nim mical 
means. No one pretends to say that the simpl 1enomena 
of life, with their purposive, histogenic, 
attributes, are explicable in terms of tl 
or physics; but no one pretends t à 
chemistry or physies does more Re touch the fringe of 
the universe of natural phenomeß}. . The science of medi- 
eine and the art of surgery aQyslowly becoming advanced 
exercises in applied physjc 


teleological 
own chemistry 
that the known 


AlNscience; and when we as 
physicians fail to cure, N vhen we as surgeons lay down 
the test-tube and O the knife, we are, in so doing, 
merely confessing J failure as physicists and chemists, 
and admitting has yet, our laboratory is too complicated 
for us to un Kind, our reagents too complex for us to 
manipulat nd our knowledge too fragmentary and in- 
adequate Wr’ us to apply it systematically. 
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If the intimate nature of physiological and pathological 
problems is just beginning to be interpreted in terms of the 
fundamental sciences, the problems of psychology must be 
relegated still further into the future before they find their 
rational solution. Colour vision, the mechanism of seeing, 
the nature of perception, and the other higher problems of 
the ophthalmologist have too long been the sole and isolated 
study of the physicist or the psychologist. Their treatment 
thus divorced from their evolutionary environment recalls 

lato’s parable of the men in a cave who sat with their 
backs to the daylight, and saw, not real things, or even 
models of them, but shadows of models cast by the light 
on the blank wall they faced. What then is the Real Thing ? 
One of the most significant happenings in recent years has 
been the attempt to include all the phenomena of life in 
an all-embracing biology. But if in the lower vegetative 
levels of vital activity we are bewildered by a legion of 
parallel and inter-related reactions, in the higher integra- 
tions of these processes we appear completely submerged 
by the multiplicity and uncontrollability of the variables 
with which we are confronted. Nevertheless, although we 
can reason by analogy and in Bes only, and 
although our hypotheses have a larg@Zmargin of inexacti- 
tude which is constantly being a xe to and subtracted 
from, the method is undoubted] most scientific whereby 
to seek the pragmatic en vhich appears so far away. 


RECENT ADVANCES IN 
OPHTHALMOLOGY 


CHAPTER I 


THE NATURE OF LIGHT AND ITS 
ACTION UPON THE EYE 


1. THE NATURE OF LIGHT 


It may appear somewhat uninviting and formidable to com- 
mence a book which is intended primarily for the clinician with 
a section of this description. My apology, if one be required, is the 
great general interest and fundamental philosophical importance 
of the subject. The nature of light must be admitted to have 


an essential and vital interest for the ophthalmologist; in 
addition, it has several purely clinical applications. hil, of 
necessity, be referred to in succeeding pages of IN Pook— 


thogenesis 
ubject have 
‘scattered over 
o those who are 


theories of vision, the action of ultra-violet light, tl 

of cataract, etc. Moreover, recent advances in ts 
been of very far-reaching import and their recor 
a wide literature, accessible only with diffic 
not familiar with it; and, when foung are for the most 
part expressed in the language of higher tematics. However 
flexible a medium this may be, it is Kot always comprehensible 
to those whose training has bee }ssentially biological and 
clinical. I have therefore endeypgured to give a brief outline 
of what I conceive to be the E views of physieists upon the 


matter in as simple terms N e. 


ONE of the most ading scientific events of recent 
years is the nes that is now making itself 
acutely felt in our €pceptions of the nature of light. During 
the latter half (P last century the corpuscular emission 
theory, as edwAclated by Newton, appeared definitely to have 
given SNS the electro-magnetic wave theory of Clark- 
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Maxwell. But the discovery of the quantum by Professor 
M. Planck, of Berlin, some fifteen years ago, and the develop- 
ment of the theory of energy units by Planck and Einstein, 
the evolution of physical views on atomie structure and the 
nature of radiant absorption by Professor N. Bohr, of 
Copenhagen, Sommerfeld, Kramers and others, and the 
brilliant mathematical treatment of our concepts of time 
and space by Einstein, have thrown the whole of our ideas 
on this subject into that state of flux out of which invariably 
develops Progress. 

Atomic Structure and Radiation.—It is absurd to suggest 
the permanence of any of the conceptions of physical science, 
but the generally accepted hypothesis at the present time 
is that the universe consists of three things, however these 
may be constituted or eventually explained: negative 
electrical charges (electrons) revolving periodically in well- 
defined orbits round. a central positive electrical charge 
(proton)—these two comprising the atom—and radiation, 
which appears to be due to sudden movements and rearrange- 
ments among these charged particles. 


It cannot be insisted upon too strongly Wen concept of 
electrons as discrete particles of electricitZ9 SE although 
it appears well established, is Es ee a hypothesis 
carrying with it no pretensions Sie SS An alternative 
view, elaborated by A. L. Parso substitutes for the 
electron a tiny ring or annul mc gl BEN which rotates 
continuously and is equivalent circuit current. On the other 
hand, within the last rn Schrödinger has developed 
the idea suggested by de elie, that an atomic system is not 
represented by discrete ticles, but by a wave motion in space. 
From this starting-poi ave theory of matter has been developed 
the applications h are rapidly being examined, among 
others, by Pauli, A ein, and Dirac. It represents a significant 
contribution ience, and opens up many new avenues of 
thought. GË ei moment, as a convenient picture, we will make 
use of "ec om-model of particulate electrons and a proton, 
as EE by Rutherford, Bohr, J. J. Thomson, and others. 


A ral nucleus with electrons revolving round it forms a 
x cent system; to excite radiation something violent, 
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something catastrophic, must occur. Bohr had the genius 
to surmise that the simplest way in which this could take 
place would be through the sudden changing of an electron 
from one orbit to another in its revolution round the central 
proton. This would occur when the atom was shocked by an 
external impact, as a collision, or by an internal catastrophe 
like an earthquake. If a selection of orbits round an atomic 
nucleus is possible, and if a drop from one orbit into another 
nearer the nucleus occurs, radiation of energy becomes 
necessary, since the surplus energy thus generated must be 
emitted somehow. Absorption is the opposite process of 
radiation, An atom appears to be able to absorb much 
the same radiation as it can emit, and when radiation is ab- 
sorbed the electron is conceived as being, as it were, jerked 
out again into its original orbit, or sometimes jerked out of 
the sphere of influence of the atom altogether. 

Assuming, then, that radiation is the expression of sudden 
changes or rearrangements in the orbital movement of the 
electrical charges which make up the atom, and assuming 
that a regular succession of orbits is possible, co 
series of graduated disturbances can be accoun 


into a region of high speed would giv 1igh-frequency, 
short-waved radiation. O | 

This theory has been largely cdgrobdrated experimentally. 
For example, in the atom of hy n, which is regarded as 
consisting of one electron =D g ound the proton (Ruther- 
ford), the dropping of this e an from one alternative orbit 
to another accounts for ev ine and every series of lines 
in the hydrogen ERS; ir relative position and absolute 
wave-lengths, not approxi A but with astronomical precision. 

This series of wWayés we up the energy spectrum, 
extending from’ fo slow oscillations beyond the Hertzian 
waves, such used in wireless telegraphy, down through 
the infr 28 visible, ultra-violet, the Schumann 
rays A ikan’s rays to the X-rays and the. gamma-rays 
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of radium, which are due to nuclear disintegration. These 
all travel through space at the same speed. The first 
of them may be over a mile in length (10'* A.U.!) and 
have an approximate frequency of 10,000 (that is the 
number of wave-lengths that pass per second); the last are 
about 0:000,000,001 em. in length (0-1 A.U.), with a frequency 
of the order of 1,000,000,000,000,000,000 ; and there is no 
reason to imagine that the series at either end stops here. 
The Quantum Theory.—By means of these disturbances 
energy is transferred from one system to another. Until 
recently it was assumed that this interchange took place in 
a continuous manner, but one of the most puzzling features 
of modern physics is the way in which these energy transfers 
invariably take place only in definite amounts or parcels. 
Just as matter is presently accepted as being made up of 
minute entities, so energy appears to. be dealt with in 
definite units, smaller than which it apparently cannot be 
sub-divided. The significance of this was first clearly grasped 
by Planck, who discarded the previously accepted principle 
of the equipartition of energy and introduced the conception 
that it was discrete in nature. This bei ei exchanges of 
energy, instead of taking place contingppsly, of necessity 
can only take place by steps in meMftples of some unit. 
These specific quantities of energy} known as quanta. 


It is to be noted that the quar Nalthough the unit of energy, 
is not a fixed and sige dae A tity. Planck’s quantum is 
specified by the formula h here h is a universal constant, 
known as Planck’s constant dnd v is the frequency of the light 
wave in question. The he of Planck’s constant (h) is 6-55 x 
10-27 erg-seconds, ar Oyviously the value of the quantum (hv), 
being a function Ra frequency, increases with decreasing 
wave-length, ther ng one particular value for each. Thus in 
the red, at wafe-lerfgth 8,000 A.U., its value is 2:45 x 1071? ergs ; 
at the violet eof the visible spectrum (4,000 A.U.) its value is 
4-91 x 10, eres. In the X-ray region (1 A.U.) its value is 
1-96 x 1 ergs. 


nr unit (1 A.U.) = one ten-millionth part of a millimetre = 
IR: 
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Planck laid stress merely on the mode of action of energy, 
and not on its ultimate structure. The definite conception of its 
being discrete in nature and possessing a structure we owe to 
Einstein, whose views have been given a clearer physical basis 
by J. J. Thomson. The latter considers the quantum as a region 
of periodic disturbance travelling along a Faraday tube of 
electrical force, and instead of a continuous “ether ” we have a 
number of stretched strings of ether, each of which acts as a 
Faraday tube differentiated from the ‘‘ space ” surrounding it. 
E. T. Whittaker, Allen, and others emphasise its magnetic 
properties and regard the light quantum as a disembodied 
magnetic molecule ; but such pictures are to be taken as analogies 
only, for any exact description is beyond our knowledge. 


In all physical investigations associated with light -and 
radiation the quantum is continually cropping up. It appears 
to be the amount of energy liberated or absorbed in the 
internal changes in the atom associated with these 
phenomena. An atom keeps on absorbing energy of a 
particular wave-length until it has accumulated the corre- 
sponding quantum, when it immediately changes into energy 
of another kind. Conversely, on the occurrence of an atomic 
shock, a quantum of energy is suddenly changed into light 


energy and radiated continuously until it is all exkAusted. 
The Undulatory Theory and the Emission (Qu ) Theory 


of Light.—The validity of this theory in oı fm or other 
with regard to matter seems at presen be generally 
accepted. The modern tendency is to, sider matter and 
energy as different expressions of ng, e entity ; but the 
precise application of the theory k the field of radiation is 
still a matter of uncertainty. have seen that matter 
can be treated as being osed of wave-motions, or, 
on the other hand, as uilt up of discrete electrical 
particles. A similar native lies open with regard to 
energy. It may at light can be treated as electro- 
magnetic oscillation” according to the Maxwell equations. 
On the other E a it may be that a partial reversion to 
Newtonian eptions may be necessary, and that the 
undulat N eory must give place to a quantised emission 
ang Y e present position is that each view explains, 
SV 
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apparently unassailably, different phenomena which seem 
inexplicable by the other. The conception of electro- 
magnetic wave-motion accounts, as no other can, for the 
facts of interference, polarisation, and the behaviour of 
wireless radiations; while the “ corpuscular ° emission 
theory explains the interchange of energy between radiation 
and matter, absorption, and the photo-electric effect— 
phenomena which have always been a stumbling block in 
the undulatory theory. 

Many attempted solutions have been put forward, and 
the .tendency of the majority of these appears to be a 
reconciliation and co-ordination of the two ideas. Einstein 
proposes to maintain the integrity of the Maxwell equations, 
but to over-determine them by conditions which confine 
their integrals to quantised states, a solution somewhat 
similar to that proposed by Jeans. Louis de Broglie 
developed a mechanics in which a moving particle, con- 
sidered to be the centre of a virtual wave, tended to follow 
the path at which the amplitude of the wave was at a 
maximum: a conception akin to that propouyded by Bohr 
and Kramers. In this view the two the Y arc to some 
extent combined. It postulates a corp (the quantum) 
surrounded by, or included in, a w he two travelling 
together. E. T. Whittaker pictur isembodied magnetic 
molecule, travelling with th ed of light, forming a 
singularity on the wave-frogt,“ehd thus conferring upon it 
the desired quantum propdfYes. It may be that the waves 
are carried forward by tI@guantum, or, as T. Smith suggests, 
that the quantum s to follow the waves, moving 
preferentially to point where the amplitude, and 
therefore the mkıby of motion, is greatest. It may even 
be that the twd&=nay on occasion be dissociated, and that the 
waves capNttavel on after the quantum itself is absorbed or 
divert oun such view as this appears to be the most 
SS satisfactory, although it leaves very many 


ge 
gemena unexplained. 


THEORY OF RELATIVITY S 

Lindemann points out that the whole concept of waves 
has been invented to describe something periodic in space 
and time, and since there is nothing fundamental in these 
co-ordinates whereby they should be endowed with any 
special validity to distinguish them from any other meta- 
physical concepts, he suggests that it might simplify matters 
to discard them and describe phenomena in terms of others—. 
for example, mass and charge and action. A mere change of 
the co-ordinates in which we think of phenomena and 
express their relationships cannot, of course, alter their 
essential nature, but, at the same time, it may materially 
facilitate our manipulation of them. 

The Theory of Relativity and Gravitational Influence on 
Light.—In what we may call classical mechanics, developed 
in the first instance by Newton, the fundamental physical 
quantities in terms of which events and their relationships 
are expressed, are mass and length and time. From these 
we pass on to derived concepts, such as velocity, accelera- 
tion, force, and energy, by means of which we arrive at 
certain principles and laws governing natural Se WORE 
Physical and chemical phenomena are thus Sep ined ” 
when they can be restated in terms of the LE ordinates, 
and when it can be shown through the t they are to 
be anticipated on the basis of the lag application of 
mechanical principles. 

The Restricted Theory of N t forward by Einstein 
in 1905 reviewed all our funda@yhtal conceptions of time 
and space, and cut at the ı@Yts of many accepted ideas. 
Its applications extend P yond optics, and, on account 
of its vastness, it can e inadequately mentioned here. 
In essence it denjes HÄ, existence of space and time as 
absolute realities ® regards them as dependent upon the 


observer. Jus we are accustomed to believe that the 
colour of an ect is relative inasmuchasit appears different 
to the e lind, so we have no right to assume that the 


time = pace in which an object appears to us to exist, 
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or in which an event appears to us to take place, are absolute. 
These factors depend on the velocity of the system of 
co-ordinates in which they are expressed. Evidently all 
serviceable co-ordinate systems have the same claim to 
finality, and from a relative co-ordinate system it is 
impossible to get to an absolute one. 

In 1906, Minkowski put Einstein’s theory in a clearer 
light by introducing the idea of the continuum ; instead of 
taking place in a three-dimensional space and a wholly 
independent one-dimensional time, events were treated as 
occurring in a four-dimensional continuum of space and 
time. Finally, in 1916, by an extraordinarily brilliant piece 
of mathematical analysis, Einstein, in the General Theory of 
Relativity, transferred the application of the Restricted 
Theory from systems in uniform motion to systems in 
accelerated motion, and showed that in the neighbourhood 
of matter the four-dimensional geometry of the continuum 
differed slightly from the three-dimensional geometry of 
Kuclid. Gravitational attraction, instead of being something 
inherent in matter, was thus explained in, terms of the 
continuum, and was regarded as a propery ce While 
differing completely in geometrical for@,from Newtonian 
dynamics, this gives general resultsygalmost identical with 
the well-established laws of New But it goes further, 
and accounts exactly for OR discrepancies in the 


latter. 

This theory has been reg corroborated by two measure- 
ments susceptible of eee ‘ble exactitude. It postulates that 
the time of vibration atom is lengthened by the effect of 
gravitation. It KA) > follows that spectral lines, which 
measure the INS me particular vibrations in the atoms of 
the substance w Night is being analysed, should not have the 
same EE 1 the solar spectrum as the same lines produced 
by terrestrig] söfirces, owing to the difference in the intensity of 
the gravit Oal field in the two cases. The verification of this 
conseque% of the theory of Relativity was a matter of some 
diffi since many causes produce slight displacement of 
PAN lines; but Eversted, in the Indian Observatory, and 


ï hn, of the Mount Wilson Observatory, seem to have recently 
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established a displacement towards the red end of the spectrum 
of the order predicted by Einstein. 

Again, the theory predicted that light would be slightly 
deflected by a strong gravitational field. This prediction was 


(a) (x) 


ENO S 


(b) (x) Š 


(c) 


ei 
S gs 
Ss’ 


Frc. 1.—The effect of gravitation upon light ( s star 
shift). It had previously been taken for Wi od that when 


a ray of light from a star S passed nea sun X to the 
earth E, it did so undeflected, as i N Its path was a 


straight line, and the observer sawgth ar actually where it 


was. 
According to the theory of) ae the light is bent 
as in (b), and the observer el e star in the direction HI 


instead of S. 
During an ec u N , the stars are seen in the 
7 


direction H, 8’, A SL positions are S, S, S, 
their apparent RN ent outwards being inversely pro- 
portional to the nce from the sun’s centre. (After 
Houstoun, Geh on Light,” Longmans, 1924.) 


verified by u A hing the apparent displacement of stars, 
during the ecl Our 1919, by expeditions sent out from this 
country AN E ddington and Cottingham to Africa, and 
Crommeli Davidson to Brazil. The expected deflection was 
observed S N owing to the war the equipment was not all that 
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could be desired. It was, however, again verified—this time 
more thoroughly—by an American expedition to Western 
Australia during the eclipse of 1922. The method employed was 
to photograph the sky in the immediate neighbourhood of the 
sun during the eclipse, and then to photograph the same field 
at another time when the sun had moved to a different part of 
the sky, where its gravitational field would not affect the light 
travelling from the stars in question to the earth (see Fig. 1). 
The plates were then examined to see whether the stars were 
displaced relatively to the sun during the eclipse. The mean 
“star shift” was observed to be 1:74”; the theoretically 
predicted value was 1:75”. The measurements, of course, were 
of a minute order, but as the result was based on the observa- 
tion of eighty stars it seems probable that the phenomenon of 
the bending of light can be regarded as being established. 


The kaleidoscopic. way in which our ideas of the nature 
of light are continuously changing, almost from day to day, 
is quite incomprehensible to one who cannot appreciate the 
facile adroitness of the mathematician. Each new “ theory ” 
is largely a different mathematical method of treating the 
same problem, and while many of the methods have had 
remarkable success in their interpretation of the phenomena 
met with in a particular region, they tend to byeak down when 
a more general and philosophical view is ai red. “In. 1925, 
Heisenberg put forward a new theory of@yäntum mechanics 
which may, perhaps, have far-reachifig*consequences. The 
fundamental idea upon which h @sists is that only such 
things as are directly open a should enter into 
the mathematical formulagi and every concept is thus 
avoided which cannot connected with experiment. 
Since we are unable ssign to any electron a special 
position in space at ecial instant of time, so that as far 
as our observath® fre concerned an electron does not 
exist, all ide Ga within the atom are eliminated. 
The theory been expressed by Dirac, of Cambridge, in 
a system quantised algebra, and has been developed by 
Born Ss 5-26). In the meantime, however, it may be 
wi U take refuge in the vaguely pieturesque words of 
Pifessor Eddington: a beam of light is like a wind, a 
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very small wind as a rule; light actually has mass and 
weight and momentum, and exerts a minute pressure on any 
object which obstructs it. 
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2. THE PASSAG LIGHT THROUGH THE EYE 
The Trag@pission and Absorption of Light 


The ROY eye share the property common to all 
matter o WWorbing radiant energy of certain wave-lengths 
and beir En Se to others. While being transparent 
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to radiant energy of very long wave-length, like all living 
tissues, they become more absorbent as the spectral region 
of the infra-red rays is reached. From this point the 
eye is practically transparent throughout the visible 
spectrum, until absorption begins again in the region of the 
ultra-violet; as the short X-rays are approached it again 
becomes transparent. 

The exact limits of transmission and absorption have 
been determined both from the physical standpoint by 
spectrographic registration, and from the physiological by 
the observation of the lower limit of spectral visibility. 
Little of the former work, however, has been done upon the 
human eye, and, using methods of greater refinement than 
their predecessors, recent observers have to some extent 
changed our conceptions of the subject, especially with 
regard to the human lens. Even these, however, do not 
altogether agree, and the matter cannot be said to be closed. 
The fact that somewhat inconsistent results have been 
obtained in a physical. measurement which, at first sight, 
would appear to be capable of mathematical exactitude is 
accounted for by physiological variationy an by a lack of 
adequate standardisation in the ex @nental procedures 
adopted. The media of the eye vag transmissibility not 
only between species, but betwe&k&shdividuals of the same 
species ; age also is an impoy actor, determined largely 
by the amount of senile eh: n the lens. More important, 
the intensity of radiati@l largely influences the trans- 


missibility—a factor ich has seldom been taken cog- 
nisance of or recor The transmission varies directly, 
probably expon ly, with the energy involved, and its 


limits en expressed, as has usually been done, in 
terms of defii¥e wave-lengths without standardisation on a 
quantita radiometric basis in terms of energy. Absorp- 
tion, b, however, begin fairly abruptly, and the regions 


R ial absorption are not great. 
~\ Vt 


he tissues of the eye the large-moleculed proteins are 
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the most absorbent substances, and, consequently, the trans- 
missibility of the various media varies directly with their 
protein content, and shows the general characteristics of 


Cornea = Aqueous Lens VirReous | Retina. 


20.000 
19,000 
18,000 
17.000 
16,000 
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Fic. 2.—The transmission and ajagorption of radiant energy in 
the eye. The depth of th ling indicates the amount of 
radiation which is trans Oy by the various media. The 
visible spectrum is md within the two horizontal 
white lines; and theNaweé amount of infra-red (heat) rays 
which reach the is to be noted., They are, of course, 
invisible. WavQlegaths are given in Angström units. 


the absorption KP dilute watery solution of this substance 
(Shoji, 1922 he relative amounts of the energy trans- 
mitted h, S media in the middle regions of the 
spectru re represented diagrammatically in Fig. 2. 
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As regards the cornea, the results of the early observers 
still stand good (Hartridge and Hill, Parsons and Martin, 
etc.). Above the upper reaches of the visible spectrum it 
will be seen from the figure that the rays of wave-length 
about 20,000 A.U. in the long infra-red are completely 
absorbed by this tissue. There is a band of relative trans- 
parency from about 18,000 to 16,000 A.U., where about 50 
per cent. of the incident energy gets through, until it is 
ultimately absorbed by the lens. A region of high absorption 
follows, until the neighbourhood of 13,500 A.U. is reached, 
when the transparency again suddenly rises. At this point 
80 per cent. of the heat energy falling upon the cornea is 
transmitted, and below this the proportion steadily increases 
until, in the region of 7,700 in the red, practically all the 
incident rays pass into the interior of the eye. The lower 
limit of transmission in the ultra-violet varies from about 
2,900 to 3,000 A.U.; an average may be taken at 2,950. 
As in all the other media, absorption here does not end 
abruptly, but diminishes gradually up to about 3,100 or 
3,150 A.U. A 

The absorption of the aqueous and vitroabe aries with the 
thickness of the layer considered, eachAg¢ér having a specific 
absorptive power characteristic dilute solution of 
albumin. In layers of the dept} ch occurs in the eye of 
man they transmit qualitate all those rays which pass 


the cornea. 
In the infra-red, from ‚500 to 11,000 A.U.,.the lens 
absorbs 25 per cent Gel the incident energy ; thereafter, 


apart from a ban t 10,000 A.U., it is virtually trans- 
parent through e visible spectrum. In the lower region 
of the spect recent work has suggested that the human 


lens Trans ite! a larger proportion of the long ultra-violet 
rays th Pad been thought. The absorptive power varies 
with In the infant all rays above 3,055 may pass 

No 1922). In the adult there appears to be 


X 
AY e transmission down to 3,200, but the effective zone 
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of partial absorption is from 3,500 to 4,000. In the aged 
the limit is frequently 4,500; and in the cataractous lens 
absorption is well marked within the region of the visible 
violet (Graham, 1923). 

Considered as a whole, the media of the eye absorb 
practically all the infra-red radiation above 12,000 A.U., 
below which an ever-increasing amount reaches the retina, 
until at 9,000 90 per cent., and at 7,700 practically all of 
the energy incident on the cornea is thus transmitted. 
Since the average person cannot appreciate (as red) rays 
longer than 7,500, a very large proportion of the energy in 
this spectral region which falls upon the retina is invisible. 
On the other hand, there is good reason for believing that 
all the rays at the lower end of the spectrum which penetrate 
the media are appreciated visually as a lavender grey, and 
it is thus possible to verify the limits of transmission here 
by observing the lower limits of visibility, defining visibility 
as the observation of a real spectral line free from fluor- 
escence. Glancy (1923), using an adequate technique, 
found that the spectral lines began to fall off Ser EC 


below 4,000 A.U., but that they were still visibl 170. 
Hence we may take it that in the ultra-viole ion, rays 
shorter than 2,950 A.U. are cut off by xO rnea, those 


from 2,950 to 3,200 reach the lens an absorbed by 
it completely, those from 3,200 = are partially 
absorbed by the lens and Re mitted, and those 
beyond 4,000 practically all er Sa S the retina. 


The Concentration eu Energy in the Eye 
_ The concentration hien radiant energy in its passage 
through the eye has ently been elucidated by Luckiesh 
(1921). In its Bibution two opposing factors are at 
work: a cue ttn effect due to refraction by the 
optical sy f the eye, and dissipating effect due partly 
to the gpéeific absorption of the ocular media, which 
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corresponds to that of a dilute watery protein solution, 
and partly to irregular dispersion, reflection, and aber- 
ration. The concentration of energy within the eye 
also depends upon the size of the pupillary aperture and 
upon the size of the illuminating source. In the case of 
small sources there is a uniform mean density of energy 
throughout more than half the passage through the eye, 
since the absorption and dispersion in the media counteract 
fairly exactly the concentrating effect of refraction. But in 


ee 


Fic. 3.—The concentration of radiant energy in, N eye. When 


light comes from a point source, as in A, kt. gy is spread 
out in the anterior part of the eye and ens and concen- 


trated at the retina. 
On the other hand, with a ER N extensity, as in 


B, the highest concentration tak ce in the region of the 
lens, and the energy is spread the retina. 


trated to a focus, the la factor begins to make itself felt, 
and in high intensities adiation the influence of refraction 
may cause vane ruction in the retina, leaving the 
anterior struc cornea and lens) unaffected. This 
occurs, for eee in sun-blindness (see Fig. 8, A). For 
sources of Gr extensity, however, the distribution is 
widely pe since the ratio of energy density at the 
pupill@y* region varies approximately as the solid angle 
SU Med by the source. Here the opposite relation holds 
Ka , for the energy is concentrated in the anterior ro" ` 


the posterior part of the Q where the light is concen- 
f 
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the eye and distributed at the retina (Fig. 3, B). Thus with 
a large source subtending the maximum solid angle of 
120 degrees, while the energy density at the retina is approxi- 
mately the same as for a small source, that in the region of 
the pupil is greater by the order of several million times— 
this, it is to be noted, when the retinal image is of the same 
brightness, and the spectral character of the illuminant and 
the intensity of the illumination are the same. Thus, while 
a source of small area may be harmless to the retina, except 
when in great intensity, a similar large area, such as the sky, 
a snow-field, the desert, or a sheet of molten metal or glass, 
entails an enormous and potentially dangerous concentration 
of energy in the region of the anterior part of the eye, and 
particularly in the posterior part of the lens. 
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3. THE ACTION OF T UPON THE EYE 


The Biological Action NA t upon the Ocular Tissues 


The General Be Een of Light. —As elsewhere in 
the physical world, n the eye, it is only the rays which 
are absorbed whtef@an exert any effect upon the substances 


which they traxedse ` those which are transmitted can have 
. $ H H H 

no action erious or otherwise, upon them. The views 

Ss ZE N‘ e S 

con A, first section of this chapter may be used as 
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a working basis whereon to construct an intelligible picture 
of what is taking place when light is absorbed. The 
periodicity of the longer wave-lengths—the infra-red—may 
be conceived as corresponding in a general way with the 
movements of the atoms. They are thus absorbed into this 
periodie system, and their energy finds expression in an 
increased rate of atomie movement; a phenomenon which 
is appreciated as heat, and which ultimately results in 
coagulation of the proteins of the tissue, thus causing a 
thermal lesion and local death. The radiations of shorter 
wave-length—the visible rays—finding no sympathetic 
resonator, as it were, slip through the transparent media 
without exerting any effect until the retina is reached. The 
shorter ones—the ultra-violet— whose frequencies correspond 
to the intra-atomic periodic oscillations, are again absorbed. 
The energy they represent may be conceived as producing 
an “ atomic shock ” whereby the electrons are made to 
change their orbit, or are jerked out of the atomic system 
altogether, an action which produces photo-chemical and 
photo-electrical effects, and results ultimately in coagula- 
tion of the proteins and the production AD abiotic lesion. 
Both these effects—the thermal and iotic—are quite 
distinct, although in the last analysjgkthey are identical, and 
are dependent upon the trans ce of ‚energy to the 
molecules or their parts, with sult that they are shaken 
apart. While both are ER 


cally possible throughout a 
wide range of the spectr@®y*depending on the intensity of 
the radiation, for pra@jcal purposes the heat effect may 
be taken to end a lower limit of 7,700 A.U., and the 
abiotic at the imit of 8,000 A.U. In the visible 
spectrum Geer these two, both thermal and abiotic 
effects are néwgible, except in the pigmented tissues, where 
all the å ent energy is absorbed indiscriminately and 
degra nto heat. 


NY passage of light through the eye one other biological 
should be taken notice of, which is associated especially 
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with the lens. Here part of the light gives rise to fluorescence, 
the region of greatest effectiveness being in the long ultra-violet, 
from 3,500 to 4,000 A.U. This is a phenomenon whose intimate 
nature is little understood. When light passes through a 
fluorescing substance, the particles of the substance become light 
sources themselves, emitting light of a wave-length differing from 
that of the incident light, preponderatingly longer, but sometimes 
shorter. The effect of this phenomenon is regarded differently. 
Considering that its production implied absorption, Schanz 
(1915-22) looked upon it as deleterious. On the other hand, from 
the work of Burge (1915), who correlated a decrease of fluorescence 
with an increase in the coagulability of lens proteins, it may 
possibly be looked upon as a protective mechanism whereby 
active short waves, which might induce coagulation, are changed 
largely into long (visible) waves, by which means their energy, 
being in a more transmissible form, is disposed of more safely. 
A useful and wide field of investigation still remains open here. 


Action on the Cornea.—The biological action of light upon 
the eye is most easily studied in the cornea. It is a subject 
which has only recently been gone into in any detail, and 
many questions which may be raised are still unanswered. 
Since the reaction is directly dependent on the absorption 
of energy, a critical threshold of wave-length and Be 
sity of radiation must be employed to excite it. hough 


a slight reaction can be produced with EE or 


3,100 A.U. if used in high enough GE have found 
(1926) that for practical purposes only raysk£low 3,000 may 
be considered as abiotically active, al) se must be used 


_ in an intensity of about 2,000, 000$erg=seconds per square 


centimetre. This applies, of coe, to the intensity of 
energy actually reaching the@prnea, and therefore, in 
practice, the degree of TA which is excited varies 
directly with the time Xposure, and inversely as the 
square of the distan he source of light from the eye. 
Further, the effect of repeated exposures with intermissions 
is equal to their ¢ ierg as a single long exposure, always 
provided tha SR intervals do not exceed twenty-four 
hours, bey ID rhich time the factor of physiological repair 
Sr 


comes in 
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Whenever the cornea is exposed to short-waved radiation 
within these limits, an abiotic reaction occurs after a latent 
period the length of which varies with the intensity of ex- 
posure, but averages six to eight hours. The significance of 
this latent period in the response to light is obscure ; it 
presumably depends on the elaboration of photo-chemical 
products, and it will be discussed more fully in the considera- 
tion of the reaction of the retina to light. The histological 
appearances of the fully-developed reaction are characteristic. 
The surface epithelium shows a swelling and irregularity of 
its cells, often with the formation of vesicles; after more 
severe exposures the cells are killed and this layer is com- 
pletely desquamated. The corneal corpuscles show nuclear 
fragmentation, with granular degeneration and disintegration 
of the cytoplasm. The most characteristic appearance is 
the presence of large numbers of eosinophile cells ; there is 
also a polymorphonuclear infiltration peripherally, accom- 
panied by a considerable circumcorneal vaso-dilatation. 
The cause of the massive eosinophile infiltration can only 
be conjectured ; presumably it is a migration of blood cells 


attracted by the chemiotactic influ of the photo- 
chemical products liberated in the ion. In extreme . 
lesions the cell proteins are coag and an opacity is 


formed ; this, later, becomes hi aly vascularised and tends 
to disappear, leaving a so sparent scar. Since the 
reaction depends upon t oO: e of absorption, the surface 
epithelium is portly lamp destroyed, and the 
degree of pathologi aange decreases throughout the 
depth of the SUB SS he posterior endothelium remaining 
normal. N 

Heat ray Me other hand, produce a lesion which is 
entirely Dei The epithelium in this case, cooled by 
contact ith air, remains normal; the stroma is uniformly 
hazy, swollen, the corpuscles disappear, and the reaction, 
j Sing in intensity from the surface inwards, results in 
Cemplete destruction of the endothelium. In extreme 
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conditions protein coagulation occurs, and opacities develop 
which tend to be permanent. 

The abiotic reaction we have described, with the con- 
junctivitis which accompanies it, produces clinically the 
characteristic symptoms of photophthalmia. The acute 
distress which it involves is due to the exposure of the corneal 
nerve endings after the desquamation of the epithelium. 
The symptoms last from a few hours to a few days, their 
duration depending on the severity of the exposure. They 
are characterised by pain, photophobia, lacrimation, 
blepharospasm, and ciliary neuralgia, while for some time 
afterwards typical glaucomatous halos may be evident, 
due to cedema of the cornea. This clinical syndrome is 
met with as industrial photophthalmia in all conditions 
where exposure to short-waved radiation occurs. From time 


to time within recent years it has caused consternation in 


cinema studios, where an abundance of photographically 
active light is necessary. The direct light of the sun contains 
an insufficient quantity of ultra-violet light to produce the 
reaction in ordinary circumstances, but when it is reipforced 
by a glare of high intensity reflected from a surf: great 
extensity, as the sea, a desert, or a snow-field, on degree 
of solar photophthalmia develops. This is dition well 
recognised by mountaineers and explorers, Gt is indigenous 
among the Eskimos; neither are the Or in snow-bound 
regions, such as the polar bear, e3 den Chronic photoph- 
thalmia is sometimes met with erc in welders and 
others who are frequently expo o sources emitting short- 
waved energy, and on the S -fields of all parts of the 
world it is frequently RO > In these regions the con- 
dition may progress to nanent infiltration of the cornea, 
with the formatio SI, band-shaped opacity running 
transversely aer it, corresponding to the palpebral 
aperture, whic NS narrowed by approximation of the lids 
to avoid QOH as possible the distressing glare from 


the snow 
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Action on the Iris.—The pigment cells of the iris absorb all 
incident radiation and convert it into heat. While in the 
iris of the albino, therefore, the characteristic eosinophilic 
cellular reaction to ultra-violet radiation may be produced, 
in the normally pigmented eye the thermal lesion com- 
pletely masks any abiotic disturbance which such actinic 
rays as penetrate may cause. The effect is accompanied by 
a marked contraction of the pupil, which overcomes atropine, 
a consideration which suggests that it is due, in some measure 
at least, to the direct action of the light upon the muscle 
cells themselves. 


It has been suggested (Toulon, 1926) that this contraction of 
the iris to invisible light is due to the normal retinal reflex excited 
by the longer (visible) rays formed in the lens by fluorescence. The 
experimental evidence on which this conclusion was based, 
however, seems inconclusive. Alternatively, it is to be remem- 
bered that the cells of the pupillary muscles are epithelial 
structures derived from the neural epiblast. The cells which 
line the retina have phototactic powers which have been definitely 
demonstrated, and it would not be surprising to find that the 
chemical processes following the incidence of light excite a similar 
reaction in the cells of the same embryological layer which line 
the back of the iris. In amphibians and fishes light causes a 
direct contraction of the pupil when all e connection has 
been severed, and a direct response to ligh emonstrated by 
Hertel as early as 1907 in the iris of mar ltra-violet light has 
recently been shown to cause a dire Ontraction of isolated 
plain muscle (Hill and Azuma, 1926) it may be that, although 
in the course of evolution the dire t effect is largely lost and 
replaced by a reflex neuro-mec , under the greater stimulus 
of the abiotic short waves, ¢t rimitive chemical phototactic 
reaction is still retained, an ounts for the pupillary contraction 
to the invisible ultra-violet s. The question, however, cannot 
be considered as definite settled ; it will be referred to again in 


a later chapter (p. 68 O 
The heat effect Na iris is seen in hyperæmia, congestion, 
stasis, and 1ffinste hemorrhages, and in an extensive peri- 
vascular exudätion and leucocytic infiltration. With more 
severe gr a complete burn occurs, characterised by a 
paral dilatation of the pupil, permanent depigmentation, 
ant rophy of the stroma with hyaline degeneration. 


sh 
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Action on the Lens.—On the lens capsule light may exert 
a typical thermic or abiotic action, depending on the length 
of wave. The thermic effect produced by the longer waves 
results in death of the cells by the coagulation of the protein, 
and this is followed by their exfoliation. Such an effect is 
easily produced experimentally, and is seen clinically in the 


Fro, 4.—Stripping of the zonular lamella in ~~ Ow ers’ cataract. 
Optic ‚al section as seen by the slit-lam or » zonular lamella 
EI o 


is seen curling off the capsule. n Butler, Trans. 
Ophthal. Soc. Ü. K., 1925.) 


stripping of the zonular lamella Aa has been observed to 
occur in glass workers by Ken (1922-6), Kubik (1923), 
and H. Butler (1925) ANZ ), and in iron workers by 
Goulden (1925). Th N lotic effect produced upon the 
capsule by the sh AOM A involves swelling of the cells, 
nuclear pyknoşig and the appearance of the eosinophilic 
infiltration e ir to abiotic injury. Around the periphery 
of the N area there is a well-defined zone of cellular 
proliferafQ N whose formation is probably due to the 
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stimulation of the cells by the heat derived from the pigment 
on the posterior surface of the iris, which in this region comes 
into direct contact with the lens capsule. 

With regard to the lens substance, similar changes occur, 
which, when pushed to extremes, ultimately lead to the 
coagulation of the cell proteins and the formation of an 
opacity. Infra-red rays have been found by many observers 
to produce cataract experimentally: Richen (1914), Vogt 
(1912-25), Grinella (1924), Müller (1924), and Kranz (1925). 
With severe exposures the writer (1926) has produced an 
opaque, disc-like opacity in rabbits, involving the anterior 
capsule and the outer layers of the cortex, five minutes after 
radiation; with less intense exposures a diffuse opacity 
occurs throughout the lens after a longer interval; with still 
less, a posterior opacity develops after some days. Under 
experimental conditions a similar pathological change is 
difficult to produce by ultra-violet light, owing to the 
difficulty in getting sufficiently short-waved radiation through 
the anterior structures of the eye. Further, the lens pro- 
teins appear to be more stable than most others under such 
radiation. With high intensities of radiaÑon, however, a 


diffuse opacity can be produced after ing interval ; 
and, even when the lens remains cli ly transparent, it 
has been shown that the efficier of its metabolism is 


impaired (Adams, 1925), and Ne. are changed into 
a state wherein their GC creased (Burge, 1918), s 


that their subsequent ER ee by other influences is 
rendered more easy. T X EHEC and their significance 
will be gone into moxddhully in a later chapter dealing with 
the pathogenesis o ract. 


N 


Action acf Retina.—Light may affect the retina in 
one of three Ways. It may produce a thermic effect ; it may 


produc abiotic effect; and it may excite the sensation 
of xio The last of these is specific to the retina only; 
th aer two effects correspond in every way to the action 
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produced by light on the other tissues of the body. The 
energy which is not used up in the production of those 
changes which initiate the complex visual processes is 
absorbed by the retina. That which reaches it in the form of 
short waves is absorbed by the proteins of the cells in its 
anterior layers; here it may produce an abiotic effect. 
That which reaches it in the form of longer waves—that is, 
both the infra-red and the surplus visibles—passes through its 
several layers and is absorbed by the pigment at the back 
of the retina ; here it is degraded into heat, and may produce 
a thermal lesion. 

It may safely be said that the media of the eye protect 
the retina very efficiently from any marked abiotic effect. 
We have seen that waves down to 3,200 A.U. penetrate to 
some extent, but for ordinary purposes their action may be 
disregarded. This, however, applies with more reservation 
to the aphakic eye; and even in the normal eye the latent 
period which characterises abiotic action makes it possible 
that repeated exposures over many years may eventually 
cause damage by a cumulative effect. van der Hoeva (1919) 
has brought forward evidence to show that seni Se 
degeneration may have such an etiology. finds that 
this disease rarely occurs in combinatiģN with senile 
cataract, and he argues that, while ank&paque lens will 


protect the retina by absorbing an ersing the short- 
waved light, a transparent lens wi w some actinic rays 
to pass through, which may ev lly exert a deleterious 


action. From the nature ofgshe problem a direct proof 
is difficult, and his evide although corroborated by 
Gjessing (1925), is N Tstatistical—a form of evidence 
in biological proble N uliarly liable to fallacy. Ultra- 
violet light Me ise serious retinal injury on short 
exposures ; and though it may possibly feature in the 
etiology of t a disease, the matter cannot be 
consideredNAQany way as proved. 

The in D rays and the visible rays can, however, 
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easily produce a definite burn. This is evident ophthalmo- 
scopically as a sharply-defined and localised red spot, 
accompanied by swelling and oedema of the retina and 
| congestion of the underlying choroid, frequently leaving 
a permanently pigmented scar. Microscopically the greatest 
damage is seen to be localised in the pigment epithelium, 
since here the light is absorbed and transformed into heat. 
The lesion is characterised by vacuole formation in the 
cytoplasm, and karyokinesis, chromatolysis, and, finally, 
disintegration of the nuclei of the pigment cells, which 
ultimately disappear completely, disintegrated pigment alone 
being left. Meantime the rods and cones become granular 
and swollen. The more superficial layers do not show 
changes until the deeper layers have been completely 
destroyed by heat coagulation and the choroid behind shows 
extensive hæmorrhages. Thermal lesions are of relatively 
common clinical occurrence. They are seen typically in ` 
eclipse-blindness, while a lightning-flash or the short- 
circuiting of a high-tension current have been known to 
leave permanent effects of a similar nature. 


GE E 
The Action of Visible Light ot Retina 


The sensation of vision is stim d by incident energy 
waves between the limits (on average) of 7,500 and 
4,000 A.U. The complex "O ism whereby the incident 
physical energy is tran&orMed into neuro-physiological 
processes in the retina iQ? present a mystery, presenting 
theoretically and pr @yally many fascinating and elusive 
u problems. a A nt years a large amount of research, 


and a much er amount of speculation, have been 
expended "En s elucidation. The process is accompanied 
by definite pffysical, chemical, and electrical changes, and 
in thea analysis it is a problem of photo-chemistry. 
Whal know little of these physico-physiological processes, 
on Mowledge is even less complete of the still more compli- 


| ch 
> 
ERO 

OS 


CHEMICAL CHANGES 27 


cated physiologico-psychological mechanism whereby the 
physiological processes occurring in the periphery are 
appreciated as sensations, and interpreted and interrelated 
with the experiences of consciousness. 

Chemical Changes.—As regards the chemical changes 
which follow the incidence of visible light upon the retina, 
the most important and fundamental of recent advances are 
the researches of Hecht (1919-25). He was able to reduce 
the reactions which occur on the reception of light to a 
quantitative basis by making use of the observation that 
two animals, the ascidian, ciona, and the clam, myra, when 
exposed to light, respond by a graded and vigorous con 
traction of the protruding organs (“syphons ”) by which 
they are characterised. By observing the response obtained 
with variations in the intensity of the light employed and 
in the time of exposure, and by studying the rate of the 
response as modified by temperature, he showed that the . 
initial reaction in the visual process is a simple photo- 
chemical one, uncomplicated by side reactions, involving 
the decomposition of a constant amount of a photo-chemical 
substance. Further, he showed from a study of be locity 
of the reaction under different conditions of Mulmination, 
that light adaptation is accompanied by diminution, 


and dark adaptation by the accumulatie@) f the photo- 


chemical substance in the retina. Angly@ts‘of his data shows 
that the rate of light adaptation fo | en areata curve, 
from which it may be conclud hat the decomposition 
process is essentially one involyinsthe splitting up of a single 
large molecule into two Gët, On the other hand, 
the rate of dark adapta, N ars to take place according 
to the kinetics of a bin ılar reaction ; it therefore follows 
that the accumulation) process is essentially the formation 
of a complex chegipal substance by the combination of two 


simpler molecugëes Taken in conjunction, since the reaction 
is appare versible indefinitely, these results show that 
a photo- nical substance is split up under the influence of 
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light into two components, and that when the light is 
removed these two components combine again to reform 
the original substance. Calling P and A the decomposition 
products (or precursors) of the photo-sensitive substance S, 
the reaction may thus be expressed by the equation : 


light 
S PA 


dark 


All the evidence so far available points to the probability 
that the visual purple is the photo-sensitive substance. 
Apart from the oil globules which are seen in the so-called 
cones of certain birds, and which appear to be light-insensi- 
tive, no other pigment has been found in the retina, although, 
of course, this does not exclude the existence of such 
a pigment or pigments. Visual purple is bleached by light 
and is regenerated in the dark, and Hecht found that its 
reactivity was consonant with all his conclusions regarding 
the visual reaction : that it was a direct and simple photo- 
chemical process whose rate was a function of the concentra- 
tion, and which proceeded according to a\monomolecular 
isotherm, with a velocity constant LN ar function of 
the intensity of the stimulating light, that the threshold 
energy quantum just sufficient excite the bleaching 
effect was practically the ares) e limit of sensitivity of 
the retina. Q 

Hecht also brought foryard substantial evidence to show 
that a similar photo-cherbital process occurs in the cones at 
the fovea as in th s at the periphery of the retina. 
If light of any cay be made to fall on the peripheral parts 
of the retina, fe) found that, when it is diminished in 
intensity sofasyto be just visible, the sensation then ex- 
perienced Gs one of light without colour. Measuring the 


intensitg@@ysof energy thus necessary at different parts of the 


+ 
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the relative energy necessary to produce a given brightness 
at high intensities of illumination in the photopic eye. The 
data with coloured lights at high intensities may be taken as 
representing the absorption spectra of the sensitive materials 
in the cones ; the data at low intensities without colour may 
þe taken as representing the absorption spectra of the sensitive 
materials in the rods. From this Hecht assumed that the 
photo-sensitive substances in the two are identical. The 
fact that visual purple has never been recognised in the 
cones may be due to its presence in solution so dilute as to 
be indetectible, an assumption made probable by the work 
of Weigert on the extraordinary photo-chemical properties 
of thin layers of dilute solutions of dyes. This suggestion 
may be correlated with the histological findings of Kolmer 
(1925), who, using a process of instantaneous fixation, found 
on the microscopical examination of the outer segments of 
the cones in the fovea of the chimpanzee in a state of dark 
adaptation, numerous small drops or granules which were 
absent in the photopic eye, and also a small quantity of 
visual purple or some closely allied substance. 

At the same time there appears to be a differeng&b tween 
the working of the two mechanisms. For «&&mple, the 
differential sensitivity at low intensities seams to show a 
value of one order. Beyond a certain ft, which corre- 
sponds with the break in König’s ehm curve of visual 
acuity, a difference of another x obtained, which is 
found to remain up to the highest (My£nsities. The behaviour 
of the retina may, thereforeppe described chemically in 
terms of two systems: n the rods working at low 
intensities (scotopic), N other in the cones working at 
high intensities (Phoecf i 

After the recept of the light stimulus, Hecht found 
that the respo did not immediately take place, but 
occurred onl Qer a prolonged latent period. This varied 
ieh length of the exposure for a given intensity, 
and invé@ygely as the logarithm of the intensity when 
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the time of exposure was kept constant. This direct 
proportionality is of fundamental importance. It may 
mean one of two things. On the one hand, the products of 
photo-chemical decomposition may be produced in one sense 
organ (the rods, according to Edridge-Green), and be 
effective only in another (the cones), in which case the latent 
period represents the time for a diffusion process, which, 
it will be remembered, is a linear function of the concentra- 
tion. Alternatively, the latent period may represent a 
secondary chemical reaction, determined by the decompo- 
sition products of the initial reaction, either directly or by 
catalysis. Hecht found that the effect of temperature upon 
the latent period followed quantitatively the equation of 
Arrhenius ; it would seem that the former theory is there- 
fore wrong, and the latter unequivocally right. 

Electrical Changes.—In addition to chemical changes, 
electrical variations follow the stimulation of the retina by 
light. Since these are undoubtedly reaction currents 
inseparable from the functional activity of the visual 
mechanism, their study is invaluable in the attempt to 
determine what goes on in the ege The 
matter has been the subject of study on the time of du 
Bois-Raymond: in 1819; the classic esearch is that of 
Einthoven and Jolly in 1908. ao whole of the work, 
however, is open to several potg Ca fallacies. The electrical 
variation has been obtaine cing two non-polarisable 
electrodes, one upon the eegnen and the other upon the 
fundus or the optic nepe "and connecting the two with a 
suitable galv in lost of it has been done upon the 
excised eye, and gh the difference between this and 


the living iG e less marked in cold-blooded animals, 
the deprivati NA the retinal circulation certainly introduces 
SEH "o obviate this, eyes have been used as 


soon aft@exeision as possible (Sheard, 1919), or operations 
havaQeen performed to expose the fundus of the eyeball 


without removing the eye from the orbit (Day, 1915). 
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The former expedient merely minimises an error which is 
still retained ; the latter involves fresh fallacies. It intro- 
duces complicating electrical variations subsequent to the 
necessary trauma to the orbit, and involves the use of 
anesthetics and curare in the course of the experiment, 


Fie. 5.—The electrical response of the retina to a Synthetic 
response curves built up from the SE undamental 
response curves of the two warn org nes and rods. 
The first fundamental curve (A) has ae reaction, and, 
when combined with the ts Rex ental curve (B), 
produces the first three maxima ). With the addition 
of C, the complete curve, with its four maxima, is synthe- 
sised (E). (After Chaffee, Boyagand Hampson, Amer. Journ. 
Physiol. Optics, 1925.) 


whose effects on the elect ttesponses are difficult to assess, 
since it is essential ad GEET contractions, voluntary 
and reflex, with the“accompanying electrical variations, 
should be abolish 

During the 


ew years many of these defects have been 
EN ffee, Bovie, and Hampson (1925) introduced 
an impr apparatus which, by the aid of a thermionie 
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amplifier, made possible the measurement of very small 
differences of potential without the absorption of energy. 
They confirmed for the intact eyeball of the frog the general 
variation of the classical curves of Jolly. These curves, 
however, are of limited value, because of the disadvantageous 
position of the corneal electrode ; situated, as it is, far from 
the seat of the electromotive force in the retina, it is unable 
to pick up minute changes, and thus registers only average 
gross effects for the whole of this tissue. Another series 
of experiments was therefore performed, in which only the 
posterior half of the eyeball was used, and the end of the 
moist thread which formed the electrode was made to touch 
the retina at one point only. In this way the reaction of a 
small number of visual elements was obtained directly, 
little modified by leakage, and the resulting responses were 
greater in magnitude and showed a finer structure of curve, 
indicating a reaction more complicated than had hitherto 
been realised. The complex curves were analysed into four 
components (Fig. 5), the first, second, third and fourth 
maxima. Analysis of more than 5,000 photographic records 
showed that the first and second maxi ppeared to be 
constant and independent of each o ; the third was 
probably a complex reaction of th st, and the fourth 
a variable addition. The firs could reasonably be 
attributed to the reaction of wo types of visual cells, 
the rods and cones, from wheo damental responses many 
of the observed curves véi be built up synthetically, as is 
shown in the figure. Furd#er, these observers found that the 
intensity of respons Cinta be directly correlated with the 
intensity of stimyl@tyon. By varying both the colour of the 
light and the e intensity of stimulation alternately, the 
response, of apXthematical analysis, showed that the laws 
for varloys,colours were the same and without qualitative 
differe N and were similar to the laws deduced for white 
ligtt\\“so far as these responses go, therefore, no basis is 
Nee which can be used to account for colour vision. 
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These results are susceptible to the criticism that they were 


‘obtained in the excised eye. To obviate this, Hartline (1925) 


made use of the Sherrington decerebrate cat in a series of 
experiments, wherein the second electrode was placed on 
the cut end of the optic nerve within the cranium. The orbit 
and the eye, with its circulation, were thus left completely 
unaltered, and in the decerebrate animal absolute muscular 
immobility is attained without the use of any kind of drug. 
Since the cornea is a free surface and the fundus and optic 
nerve are intimately connected electrically with the rest of 
the body, this last, for purposes of conduction, acts like a 
pad of cotton soaked in saline connected to these structures. 
A typical, although considerably damped response can 
thus be obtained in the intact animal by placing one 
electrode on the cornea and the other on any moist surface 
of the body, for example, in the mouth. Such a technique, 
of course, while it involves no trauma at all, necessitates the 
use of curare. The responses obtained were similar to the 
reaction currents of the retina as seen in the eyeball alone, 
either after excision or by suitable methods in situ, the 
resemblance including the direction, of variation, KE ative 
detail, quantitative magnitude, and time relati. 

It seems reasonably certain, therefore, th ubts as to 
the nature of the current may be set at res ce the reaction 
may be compared in the excised Hiei the intact, eye 
with its immediate relations and ¢c ation undisturbed, 
either in the completely intact pied animal or in the 
decerebrate animal NZ ach method is liable to 
erroneous results, but, the Os s errors being of a different 
order, they may be co-or@yié%ed and used, one as the control 
of the other, to obtaj One inkling of the truth. Further, 
the technique appli to the intact animal is capable of 
extension to th Chuman retina, and, while it presents 
difficulties, it MN" be made to yield results which have 
the. specigh hie of the intelligent co-operation of the 


subject. NN 
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Retinal “ Reflexes.”’—In a recent series of researches 
Allen (1919-25) claims to have established that every ray 
of light which falls upon the retina has two effects, a direet 
and a reflex, the latter of which provides a physiological 
basis for the phenomena of contrast and induction. In 
all previous work upon the “ fatigue” of the retina, one 
eye has hitherto been kept open in a dark room or closed ; 
but since dark adaptation of one eye was found to have an 
effect upon the other, experiments were conducted so that 
the unfatigued eye was maintained in a state of daylight 
adaptation. The method employed was to determine, by 
the critical frequency of flicker, the persistence of vision of 
successive colours of the spectrum, when the eye was first 
in its normal and then in a fatigued condition, both in 
darkness and in “ daylight” illumination. It was found 
that stimulation of the retina by any wave-length excited 
all three fundamental sensations—red, green and violet— 
and that in the area of the retina directly stimulated the 
sensitivity to the region of the spectrum employed was 
depressed, while it was enhanced for the complementary 
colour. Not only was this direct Seon N but when 
the other eye was in daylight adapt , indirect effects 
were observed both in the onlay portion of the 
stimulated eye and in the other ( ey ulated) eye. In both 
of these the sensitivity was gen especially for the 
complementary colour, the ement being most marked 
in the red, green, and vigils 

Allen interpreted t esults as being indicative of true 
reflex processes ; b conclusion so fundamental and far- 
reaching is di Or accept on the evidence which has so 
far been Dy The evidence for the existence of these 
reflexes is ryerply inferential from his experimental findings, 
and in og respects it is difficult to reconstruct the con- 
ditions@Nder which he worked. In his papers there is a 
] Q definition of the experimental data; for example, 
N tensity of the fatiguing light is not mentioned, neither 
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is the degree of daylight adaptation or illumination. He 
bases his conclusions, moreover, on differences of an order 
so small as to be almost within the mean variations in the 
best work (e.g., Ives) on the critical frequency of flicker, and 
his statistics are, therefore, difficult to accept. His work is 
of extreme interest, especially in the confirmation it gives 
to the trichromatie theory of vision, and the existence of 
red, green, and violet as the fundamental sensations, and 
of yellow and blue as compound colours ; but it would seem 
that the existence of true reflex processes of this nature, 
interconnecting the physiological activities of different 
parts of the same retina and the retine of the two eyes 
in a manner analogous to Sherrington’s reciprocal innerva- 
tion, can hardly be accepted in the meantime as estab- 
lished. Further and more detailed work on the question, 
from Allen or from others, will be of more than ordinary 
interest. 


Optic Nerve Currents 
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ion of how 


Although the electrical responses developed ir 
on exposure to light give a valuable index 
cesses which occur there, they give no ings 
this activity is transmitted to the brain. this book goes 
to press, this process of N: eing studied by 
Adrian (1927). He employs the$äsöfäted eye and optic 
nerve of the conger eel for the &periments, since in this 
animal the nerve is comparatiy@&y long (2 cm.) and contains 
relatively few fibres (undesQ000). The action currents 
are picked up by two ele Ges and the electrical variations 
recorded by a cam electrometer are cast upon a 
moving film. In ‘He dark the nerve is usually free 


from action ou but on illuminating the retina a rapid 


rise of oscillaf appears on the record, which shows an 
irregular VS sion of mono- or di-phasic action currents 
d®àtely uniform size, each lasting about 0:0015 


of Ri i 
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second (Fig. 6). Immediately after illumination a latent 
period is constantly present, longer than the corresponding 
latent period in the retina itself; the maximum frequency 
of the variations occurs at or near the beginning of the 
response, declines rapidly during steady illumination, and 
there is a renewed outburst of impulses when the light is 
turned off, corresponding to the after-kick in the retinal 
reaction curve of Jolly. The essential result which has so 


Optic Nerve 


Fic. 6.—Optic nerve currents. The currepg Sf “action in the 


optic nerve of the conger eel are se A as obtained on 
exposure to light. They are Zn identical with the 
action currents in the frog’s s roduced by tension on 
the gastrocnemius (B). (Adria, Linai, Journ. Physiol., 

ns CH 


far emerged from the en is that. the doctrine 
of specific nerve ene Appears to be upheld, and that, 
whatever the mechafigm in the retina, the discharges in the 
optic nerve ar x stantially the same type as those in 
other sens Mes Incidentally, if the “ all-or-none ” 
character ok shis response holds good, when we consider a 


En c ofObipolar mechanism it would seem that here, just 

as ge case of the retinal electrical variations, no basis 

K s to exist for the differentiation of the response to 
rs. 
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Theories of the Action of Light on the Retina 


A very large number of theories have been put forward of 
recent years to explain the physical basis of the action of 
light on the retina, whereby the physical stimuli are trans- 
formed into visual impulses. All of them are little more than 
speculations, and in the present state of our knowledge it 
seems unnecessary to go into them at any great length. 

A quantum emission theory, based on the conceptions of 
the relation of the absorption and emission of energy to 
the structure of the atom, as described in the first section of 
this chapter, was suggested by Sir Oliver Lodge, and has been 
most fully elaborated by Joly (1919-22). The initial process 
is taken to be the emission of photo-electrons under the 
action of incident light from the light-sensitive visual 
purple, which substance is spoken of as being inside the rods 
and surrounding the cones. Being emitted from inside the 
former structures, the electrons stimulate the rods non- 
selectively and easily; the sensation is, therefore, of one 
kind only, and is appreciated at low illuminations, But, 
being outside the cones, they will penetrate the Ith more 
difficulty, and since the velocity at which emitted 
electrons are travelling is a function of VER wave- 
length, they will penetrate into the cones RE arying degree, 
depending on the length of wave. H Q5 excite a sensory 
response a higher degree of umn is necessary, and 


discrimination of colour is possibl he cones are presumed 
to have nine nerve fibrille, and Up rode one.! According to 
the quantum of energy with@ftch they are endowed, which 


corresponds, as we have 6@ the frequency of the incident 
light, the electrons way imulate a varying number of the 


1 Neither Greeff (“ Gra&aSaemisch Handb.,” 1899, 2 Aufl., Bd. 1, Kap. 5) 
nor Cajal I Nena Nash. f. Anat. u. Phys., 1904, xxi., 369) mention 
neuro-fibrils in th or cones; but Leboucq (Arch. d’Anat. Micros., 
1908-9, x., 555) dek bes intra-cytoplasmic filaments arising near the base 
of the exter ent and condensing into single filaments in the rods, 

NOS of three or four in the cones. There may be some 


and into e 
TE ification, therefore, for Joly’s conception. 


N 


AČ 
SV 


38 THE ACTION OF LIGHT UPON THE EYE 


fibrillee of the .cones—two for red, three for green, four for 
blue, and all nine for white. The response of the single 
fibril of the rods and of each of the fibril-bundles of the cones 
thus acts upon the “ all-or-none ” principle according to the 
doctrine of specific nerve energy. Clark (1922), on the other 
hand, hypothecates that electrons are emitted from the rods 
and cones, and accumulate at varying distances from these 
structures, the distance depending on the quantum of 
energy which becomes associated with them, that is, on the 
frequency of the stimulating light. These will form a 
negatively-charged layer round the rods and cones, which 
will consequently be rendered positive, and between the 
virtual plates of the condenser-system thus formed a 
discharge will eventually be generated, and a high-frequency 
alternating current will pass to the brain. Schanz (1921-28) 
supports a different view, and assumes that the light acts 
upon the pigment epithelium, the electrons emitted therefrom 
causing photo-chemical and fluorescent changes in the 
retina. Venable (1924-26) has shown mathematically that 
the absorption of light by the visual purple and the subse- 
quent energy interchanges affecting this & 
interpreted as taking place in quanta, Hat the reaction 
follows the same law as applies to t ergy levels in the 
normal spectrum of hydrogen. Frewsmathematical analysis 
he deduces that colour sensatio ascribable to the number 
of synchronous discharges ed, two, three, or six of 
these being liberated or afgor ed at the same time. 
Fröhlich (1921), basin&chis views on the retinal electrical 
variations in the c opod, translates variations in the 
stimulating wav eh of light into terms of the frequency 
of the An SST action currents in the nerve. Ives 


(1917-24) j{osttrlates a three-stage process in the visual 


stance can be 


CCA, ae first step of which is a photo-electrie 
reversikigN reaction resembling that occurring in photo- 


er with liquid electrolytes. 
echanical theory of forced vibrations has been applied 
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by Houstoun (1916-19), who has shown that the phenomena 
of colour mixtures can be mathematically deduced from the 
action of pendulum-like oscillations ; Peddie (1922) arrives 
at a somewhat similar conclusion. v. Dungern (1920) 
assumes the production of stationary waves by resonators 
sensitive to different wave-lengths. Constentin (1920) and 
Koeppe (1921) favour a similar view, the latter assuming the 
existence of discs in the rods and cones acting as resonators. 
In the cones these are of varying sizes to permit of colour 
discrimination after the analogy of the organ of Corti, and 
the pigment epithelium is taken to act as a reflector to 
generate the standing waves. There appears to be some 
doubt, however, of the possibility of this, as Weigert (1921) 
claims that the discs of the cones are 10,000 times too large 
to act as resonators to light waves. 

The retinal part of Edridge-Green’s theory of vision (1920) 
is difficult to assess: “A ray of light impinging on the 
retina liberates the visual purple, and a photograph is 
formed. . . . The decomposition of the visual purple by 
light chemically stimulates the ends of the cones (very 
probably through the electricity which is prod = and a 
visual impulse is conveyed through the opti Des to the 
brain. . . . It is very probable that light@xting upon the 
visual purple is, according to its wave th, absorbed by 
particular atoms or molecules, ie) mplitude of their 
vibrations being increased. TI ibrations may cause 
corresponding vibrations in cena discs in the outer seg- 
ments of the cones, which m O constructed to 
take up vibrations. ok rods are concerned with the 
secretion of visual PN Ki flows towards and stimulates 
the cones, which ES alone concerned with vision. 
Edridge-Green Ce ers that he has demonstrated this flow 
of visual purp to the fovea, mainly along four radiat- 
ing canals, dë erch observations. Subjective entoptic 
phenoı N this kind are susceptible of the most varying 
explana hs, and in the safer and less speculative field of 
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chemistry the work of Hecht, which has already been 
referred to, is against such an explanation. Further, 
all anatomical, comparative, and embryological evidence 
is strongly against the denial of a direct visual function 
to the rods. The arguments on these grounds are very 
conclusive and have been stated at considerable length 
by Parsons (1920-24) and Sherrington (1920). More- 
over, we have seen that the most vital conclusion which 
emerges from all the photo-chemical and photo-electrical 
experimental investigations of recent years is the indication 
that there are two laws governing the response to illumina- 
tion, one law holding good for the rods in low intensities of 
light in the scotopic eye, and another law, a logarithmic law, 
governing the behaviour of the cones when higher intensities 
are used in the photopic eye; and experimental results must 
always take precedence to speculation. 


The criticism that applies to all these theories is that they 
are grossly top-heavy, and that in their scope and applica- 
tion they far exceed any legitimate b SA determined 


scientific fact. However ingenious th , It seems 
that, in the present state of our k dice ECH a more 
adequate foundation of RN evidence is available 


whereon to build, they are Q of speculative interest 
than of scientific value. Eer rimental work which has 
been described is all in t Pt direction, and its further 
development and exter D the only legitimate course to 
pursue : the study e Eee: -chemical processes in the 
retina, the accur. Qs ervation of the electrical variations 
here, and the agy sis of the impulses in the optic nerve. 
Until an et oh observation of the facts of the peripheral 
mechani in the retina is available, the elaboration of 
N ems somewhat of the nature of intellectual 
act s. The expenditure of energy in this way reminds 
r 


on esistibly of the doggerel Sir Wm. Bayliss used to 
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quote ; it refers to an enthusiastic record-breaking climber 
on the Alps : 
“ Dear Mr. Pott, 
How very hot 


You must have got! 
And all for what ? ” 
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CHAPTER II 
PHYSIOLOGICAL OPTICS 


1. ACCOMMODATION 
The Physiology of Accommodation 


Theories of Accommodation.—Since the original hypothesis 
of Descartes in 1677, and the experiments of Thomas Young 
in 1801, changes of accommodation have always been 
associated with the lens. As to the mechanism of these 
changes, two rival theories hold the field. It will be 
remembered that the theory of Helmholtz postulates that the 
activity of the ciliary muscle in the act of accommodation 
relaxes the suspensory ligament, and thus allows the lens 
to increase its curvature by virtue of its own elasticity. It 
will further be remembered that T'scherning Shows on 
accommodation the anterior surface of the ler@yassumed, 
not a spherical, but a hyperbolie form ; largely to 
account for this anterior lenticonus, he offe Q 1e alternative 
and opposite suggestion that the Hark of the ciliary 
muscle tightened the suspensory CA nt, pulled forward 
the choroid, and compressed the acous against the lens. 
Since the latter was thus conygressed preferentially round 
the periphery, and at the sO time was anchored in this 
region by the zonular fix) And also steadied posteriorly 
against the vitreous, ywas bulged forward at the only 
remaining point die anterior pole. It will be 
seen that the rivd@&$heories invoke exactly reverse actions. 
In the first, tl Ky ion of the ciliary muscle relaxes the lens, 
which ch xe se by its own elasticity; the relaxed 
or NS s is therefore in a state of maximal accom- 
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modation. In the second, the action of the ciliary muscle 
puts a strain upon the lens which forcibly deforms it; the 
relaxed lens is therefore not in a state of accommodation. 


A primary role in the mechanism of accommodation has been 
ascribed to movements of the aqueous in a third theory, of later 
origin, which may be called the Hydraulic Theory. Sponsored by 
Leonard Hill (1920), this theory has been amplified by Johnson 
(1924) and Noizewski (1925). According to these latter, the 
ciliary muscle in contraction compresses the aqueous in the 
posterior chamber, where it is confined by the contraction of 
the pupillary sphincter upon the lens. The periphery of the lens 
is therefore compressed, and the vitreous being incompressible, 
the anterior pole bulges forwards, while the displaced aqueous 
flows into the spaces of Fontana which are opened up by the con- 
traction of the ciliary muscle acting through the scleral spur of 
Thomson. Johnson has demonstrated such an ebb and flow after 
the injection of methylene blue into the anterior chamber ; but 
the possibility of accommodation after iridectomy and in aniridia 
makes it probable that such a flow is not the cause, but rather 
the consequence of the lenticular deformation. 


Changes in Shape of the Lens.— Unquestionably no theory 
accounts so well for the observed facts as that of Helmholtz, 
although it must be modified from its original presentation 
to conform with the measurements o Ne Its 
general validity depends on the demon ion of two things : 
the increase in spherical form of tk&Nens when freed from 
the influence of the ciliary mus KO d the relaxation of the 
zonule during ciliary ac Refinements in optical 
technique have added la BO our information regarding 
the true shape of the sn different conditions, and have 


to a large extent ov, e the considerable difficulty of 
making accurate ën through refractive media of 


which our kno fs as yet incomplete, and circumvented 


the danger o ing deductions regarding the changes in 
vivo from the $tate of the isolated lens, freed from the normal 
tension œh the zonule and the supporting pressure of the 
‘ear ar fluids. The slit-lamp has conclusively demon- 
S Vi when it is subluxated, and therefore relaxed, 
N ens is more spherical than in its normal condition. By 
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a method of determining the focal length of the whole eye in 
situ, and then determining the refractive power of the cornea 
and lens after removal, Hartridge and Yamada (1922) 
obtained measurements which showed that the isolated lens 
of the cat approximated to the fully accommodated state, 
while when in situ, with the eye at rest, it was flattened so 
as to diminish its refractive power by 15 dioptres. These 
findings thus confirm the general conception of Helmholtz. 

A number of observations, however, have confirmed the 
validity of Tscherning’s contention that the anterior surface 
of the accommodated lens is not spherical. With the aid 
of the slit-lamp and an ingenious device for recording 
photographically the images produced by reflection on the 
lens’ surface, Fincham (1924-26) showed that the anterior 
surface assumed a hyperbolic curve in accommodation, 
and took the form of a hollow cone whose apex was rounded 
into a spherical curve corresponding to the pupillary 
diameter, the degree of curvature varying in different 
individuals. He had no opportunity of observing the 
periphery adequately, but Story (1925) verified the oxiginal 
observation of Grossmann in 1904, and demonsk&tefl an 
invariable diminution of the equatorial diam@gr under 
eserine in a case of aniridia. Further, Vogt A f) noted an 
axial displacement of a small subcapsula 1e of opacity 


on accommodation. It seems, therefox\Jthat it may be 
taken that in the act of accommodati here is an increase 
of thickness and a decrease in dia r of the lens, with, at 


the same time, a protrusion fogyards of the centre and a 


flattening of the periphery. 
Changes in the Ge? e next point to be deter- 


mined is the nature mechanism which causes these 
changes. From ee Hartridge and Yamada 
(1922) concluded’«Mt the peripheral parts of the anterior 
surface of th Os suffer a relative, and not an actual, 


flattening ; N ppears, therefore, that the actual nature of 
the defo Mon shows little evidence of a forcible com- 


Sn Carl F. Shepard Memorial Library 


Illinois College of Optometry Dn) | 
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pression, as Tscherning suggested. On the other hand, that 
the change is accompanied by a diminution of the tension 
of the capsule, as postuiated by Helmholtz, has always been 
held to be very conclusively shown by the demonstrable 
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(1) (2) 
FıG. 7.—Changes in the lens capsule in accommodation. ` 
A. Anterior lens capsule. N ` 
P. Posterior lens capsule. | 
(1) The normal state of the lens capsule N. It is almost 
taut. The posterior is the mobile, and some- 


times floats forwards (a) alm o Ke the anterior 
capsule, at other times backwar , with a slight undulating 


movement. 
(2) The capsule in active accon tion. It has become slack, 


the posterior capsule y showing marked relaxation. 
(3) The capsule under the even of eserine. It has become 


very lax, the posteri&r%&apsule being thrown up into well- 


marked folds. 
Prom Graves, Brit. Med. Journ., 1926.) 


tremulousness N the lens on forced accommodation, 
originally ddmgifstrated by Hess. Recently two alternative 
explanati of this phenomenon have been advanced. 
Dec 926) has suggested that it need not be accepted 

as nce = the laxity of the suspensory ligament, but 
Ý taken rather as an expression of the tetanic vibratory 
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action of the ciliary muscle communicated through a taut 
ligament. Such an explanation, however, can hardly explain 
the displacement by gravity of the lens in these circum- 
stances, which was also demonstrated by Hess and his 
pupils. Luedde (1927) attempted a reconciliation of the 
two views. He pointed out that the suspensory ligament is 
made up of two parts: radial fibres, running directly to the 
ciliary body, and meridional fibres, running tangentially 
backwards from the lens to the choroid. He assumed that 
on ciliary contraction the first group of fibres, which supports 
the lens, becomes slack, while the second, which sustains the 
pressure of the vitreous against the lens, becomes taut ; the 
latter fibres therefore, by their tension, induce accommoda- 
tion after the manner suggested by Tscherning, while at the 
same time the laxity of the supporting radial fibres permits 
some degree of oscillation. However ingenious this may 
be, and however many component forces may act upon 
the lens, that the resultant produces a relaxation of the 
capsule has been conclusively shown by Graves (1925). 
In a case where the entire lens had become absorbed, after 
trauma, leaving only the empty and transparent sule, 
he observed by the slit-lamp the action of vol@yary ac- 
commodation, miotics and mydriatics upon Mie "structure, 
In the normal state the capsule was almo: ut; on com- 
plete relaxation it became quite tau Y in the act of 
accommodation, or on the exhibiti ne it became 
lax and folded upon itself, oeren of the eye causing 
it to tremble (Fig. 7). Q 

rest is in a state of constant 
e to mäny, but there seems to 
be no adequate reason objection should be taken to it. 
T. Henderson (1925-24 bs postulated that when the eye is at 
rest the ciliary pues contracted in a state of “ postural 


tonus,” and that ¢e{Mmodation is accomplished by an inhibi- 
tion of this or traction, He considers that the ciliary 
D 


The conception that the ler 
tension appears to be unp 


muscle is goye y a state of reciprocity between the sympa- 
thetic and rd nerve, the sympathetic being excitatory to 
tonus, and third nerve inhibitory. The experimental evi- 
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dence in favour of the sympathetie control of tonus is, however, 
equivocal, and is discounted by most physiologists (see p. 318). 
The evidence he adduces in favour of his theory, moreover, is 
merely that of the anatomical configuration of the parts. It seems 
curious on such indirect evidence, and without any explanation, 
to bring forward conclusions in opposition to the uncontroverted 
experimental results of the classical researches of Langley and 
Anderson, who showed that the sympathetic had no influence on 
the shape of the lens, and of Hess and Heine, who showed that, 
while the sympathetic dilated the pupil, it had no demonstrable 
action on the ciliary muscle, and whose findings were corroborated 
by Dor, Römer and Dufour. 


If, then, the lens becomes more spherical on accommoda- 
tion, and, at the same time, the capsule becomes more lax, 


Fic. 8.—The lens capsule. A diagrammatic ei ECH of a 
section of an average lens capsule, the r e thickness being 
magnified 100 times. Constructed fro t-mortem measure- 
ments. (Fincham, 1925.) 


some explanation must be a to account for the 
peculiar hyperbolic form a by the anterior surface. 
Fincham (1925) suggesteR t nat this may be due to the 
structure and the elastikidy of the capsule. It seems im- 
probable that the s itself is elastic, but that the 
capsule is highl {een by its rolling back and allowing 
the lens fibres rane out when it is incised. The capsule 
varies in th(icktess in different parts, being thickest at the 
periphery-and thinnest at the poles ; Fincham’s conception 
ofirit; Sola e from post-mortem examinations, is 
se Dir. 8. On the application of tension, flattening of 
SC will occur preferentially where the capsule is strong 
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| enough to compress it, and where the capsule is weakest 
| bulging will tend to take place. At the posterior. pole the 
| capsule is very thin, and here the maximal curvature of the 
lens occurs even in the unaccommodated state. A similar 
thinness at the anterior pole may be responsible for the 
hyperbolie form which is demonstrable in all cases during 
the act of accommodation, and in some cases is found to 
persist during its relaxation. 
If we admit these properties of the capsule, we bring the 
relative immobility of the posterior surface of the lens and 
the hyperbolic form assumed by its anterior surface (the 
two main facts whereon the theory of Tscherning is based) 
into line with the hypothesis of Helmholtz. It is to be 
remembered, however, that this action of the capsule is 
merely a hypothesis which may or may not be true. Owing 
to its extreme delicacy and its optical properties, no means 
have yet been devised of measuring its thickness in situ. 
Fincham’s explanation seems reasonable, but it is not 
without the bounds of possibility that such an action may 
be complicated by some of the factors on which Tscherning 
laid stress. Comparative physiology inclines one Ve ;pect 
that such may be the case, and by means of th@y it-lamp, 
in cases of subluxation of the lens, Luedde (192 s recorded 
observations which suggest that the virze A pushed upon 
| the lens from behind during SSH, Almost 

without doubt the fundamental mechakisin appears to be of 
the nature suggested by Helmholtgput at the same time it 
is possible that the two opposing views may finally to some 
extent be reconciled. The SEH cannot yet be considered 
as closed ; it is an interes{S Ro e, and a difficult one, calling 
for specialised and ver pE tiful methods of experimentation. 


The Clin spects of Accommodation 

It is obvious YP two factors enter into the efficiency of 
the act of Mmodation : the compressibility of the lens 
and the mS of the ciliary muscle. If the lens substance is 
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not plastic enough to allow of its deformation, whether this 
be brought about by its direct forcible compression or by 
the elasticity of the capsule, accommodation cannot be 
effected by the ciliary muscle, no matter how strong it is. 
Conversely, a weak or paralysed muscle will not be able to 
induce changes, even in a perfectly elastic lens. Fuchs 
(1922) drew attention to this double consideration, and 
differentiated the two influences as physical and physiological 
accommodation. Physiological accommodation is measured 
in dioptres. Flieringa (1923) introduced the convenient 
term myodioptre as a unit of the physiological component, 
and suggested that it should express the contractile power 
of the ciliary muscle necessary to raise the refractive power 
of the lens by 1 dioptre. A decrease in the physical accom- 
modation is evident in presbyopia; a diminution in the 
physiological power of the muscle may come on in states 
of debility at any age, and in the opinion of Fuchs (1922) 
and Jackson (1922), since an attempt is made to overcome its 
deficiencies by a sustained and exaggerated ciliary effort, 
such a weakness may be responsible for micropsia, delay 
in optical adjustment, and the ST symptoms of 
asthenopia and eye-strain. 

Opinions differ as to the relation Reso two factors in 
presbyopia. Two possibilities oc" themselves, between 
which a decision has not yet b ached. Either a maximal 
contraction of the ciliary, cle is required to. produce 
maximal accommodatior A any age, and each fraction of 
the actual range of acggitiodation corresponds to an equal 
fraction of the O contractibility of the muscle; or, 
alternatively, tIg@pme amount of muscular contraction 
allows the san tual deformation of the lens, which may 
or may not\befome effective, depending on the state of its 
sclerosis, CAn the latter case much of the accommodation 
is rend@y latent in presbyopia. 


first alternative, suggested by Donders and Landolt, is 
siyported by Clarke (1920) and Duane (1922-25). In their 


PRESBYOPIA 5l 


opinion it follows that a young person possessing 14 dioptres of 
accommodation has only to use a small fraction of his available 
ciliary power to increase his refraction by 1 dioptre, whereas a 
person who has reached an age at which only 1 dioptre of accom- 
modation remains has to use all his eiliary power to produce this 
effect. In the second alternative, adopted by Hess and supported 
by Fuchs (1922) and van der Hoeve (1924), a change in refraction 
of 1 dioptre calls for the same amount of ciliary contraction in 
both the young and the old. 

On the one hand, Fuchs (1922) found that euphthalmine, which 
effects partial ciliary paralysis, reduces the range of accommoda- 
tion in young people, but has no effect on the middle-aged. He 
therefore considered that in presbyopia this drug affected the 
latent accommodation only, which thus gradually increases as 
age advances. Further, by studying the effect of partial paralysis 
of the ciliary muscle induced by cocaine, and the variation in 
the amount of relative accommodation remaining after its use, 
van der Hoeve and Flieringa (1924) concluded that the myo- 
dioptre has a constant value, and that in age maximal con- 
traction of the ciliary muscle is not required for maximal 
accommodation. Duane (1922-25), however, concluded from an 
examination of 4,200 eyes that the paralytic effect of homatropine 
was evident as quickly and as readily in age as in youth. He 
considered that if the same amount of ciliary effort is responsible 
in the one case for, say, 3 dioptres of accommodation, and in the 
second for only 1, it does not seem likely that the ket is 
produced by a deformation of the lens depending on the xption 
of the zonule, since, if this were so, a given amount of2ffaxation 
should allow the possibility of an equal degree (formation. 
He thought the action at different ages rather spi an active 
deformation of lenses of varying sclerosis. N ver, deforma- 
tions are not brought about by the elasticit e lens itself, but 
are Superimposed upon it by the elastic KS) the capsule, it is 
evident that much more work may hae be done by it, and, 
therefore, more freedom will be rea in order to deform a 
1e“Which can be more easily 

iews may be shown to be 
accommodation, as modified 
he previous section, remains 


sclerosed lens in comparison with 
moulded. Whichever of the tw 
correct, the validity of the the 


by the recent work DERN 
unaffected. 
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2. PHYSIOLOGICAL AND PATHOLOGICAL HALOS 


As it passes through the normal eye, white light is to some 
extent broken up into its component parts by diffraction, so 
that on looking at a source of light situated some distance 
away it appears surrounded by a halo giving a rainbow 
effect, the inner rings being blue and violet, and the outer 
being yellow and red with a band of green in between. 

Physiologically this phenomenon may be caused by 
(Druault, 1923) : 

(1) The posterior endothelial cells of the cornea, whose 
action can be easily elicited experimentally, and may 
occasionally be evident clinically ; 

(2) The epithelium of the lens, whose action is seen in 
preparations, but is not evident in vivo ; 

(3) The fibrillary structure of the lens, making it function 
as a radially-arranged diffraction grating. This is the origin 
of the most common and easily seen physiological halo 
(see Priestley Smith, 1924). 

Under pathological conditions a similar appearance is 
caused by : 

(1) Mucus, lacrimal secretion and bloo he conjunctival 


sac, especially when mixed with air b les ; 

(2) An cedematous state of the sas 

Of these the last is the most im ant ; it occurs typically 
in states of raised ising pt is also evident in the 
photophthalmic reaction K ring exposure to ultra-violet 
light (Duke-Elder, 1927)Q) 

The cause of the o@yrrence of these halos in glaucoma 
has only been re v established. It was held that the 
effect of the in *ellar system of the cornea, when altered 
by die E produce such a phenomenon, but 
Koeppe (1! has shown that the angular diameter of the 


rings wi such a system would produce was 3-8-5°, a value 
j ly smaller than the measurement of the typical 
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tated by the fibrillary intersections in the vitreous,, but 
Nordenson (1922) failed to confirm the suggestion experi- 
mentally, and from mathematical calculations Druault (1928) 
located the cause of their origin near the anterior corneal 
surface. Open fluid spaces were demonstrated in this region 
in states of raised tension by Fuchs in .1882. These appear 
to form in the superficial parts of the corneal lamelle, 
beneath Bowman’s membrane; they track along the course 
of the nerve fibrille piercing this membrane, and collect as 
sub-epithelial droplets and induce an cedematous state of 
the deeper layers of the corneal epithelium. It appears that 
the halos are due to the light being broken up by these 
droplets, which differ in their optical properties from the 
medium in which they lie, in the same manner as it is resolved 
into its component wave-lengths by fluid droplets in the 
atmosphere in the production of a rainbow, or as occurs 
when a glass plate is steamed. Alternatively, it is possible 
that the cells themselves, altered by oedema, are the 
diffracting bodies. The fact that halos may occur 
photophthalmia shows that tension is only an get 
factor in their causation; and in this conditi Sa o, an 
cedema of the cornea may be present. 

The clinical value and differential diagnogyX\of these halos 
have been discussed by Morax (1921) a iot (1922-23). 
The halos of glaucoma are readily dis AN from those due 
to conjunctival secretion by the d&appearance of the latter 
on winking. The only others ith need be considered 


are the physiological halos Sor the lens fibres, and for 


their differentiation two of considerable value have 
recently been suggested IN depending on the measurement 
of their angular dia Don the other, the stenopeic test 
of Emsley and FiteXam, a modification of an original 
suggestion by D 

Physiologi ye “ate to the lens are less bright than 
those EN laucoma, can always be elicited except when 
the p a contracted below 3 mm., and have a fixed 
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angular diameter of from 7 to 8° (Koeppe, 1921). Glauco- 
matous halos, on the other hand, tend to come and go if the 
tension varies, and vary in angular diameter from 7 to 12° 
(Elliot, 1923), 10 to 12° (Sheard, 1919), or 11 to 16° (Koeppe, 
1920). The variation probably depends on the size of the 
droplets, larger drops, such as are present in very high 
tensions, causing small halos. 


The angular diameter is measured from the outer (red) ring. 
A source of light (a candle, or the bulb of an electric ophthalmo- 


— 


Fic. 9.—The stenopeic test. When a stenopæic slit is passed 
before the eye in the direction of the arrow the successive 
appearances of the physiological halo are repregented. At A, 
when the lateral margin only of the pupil Ned, and the 
horizontal radial fibres of the lens only infplicated, the 
horizontal portions, a, a’, of the halo ar, ge At B, when 
the oblique fibres are involved, the givens a, a appear to 
divide, forming b, c and b’, e: è slit is moved these 
rotate b, b’ in a clockwise sete. nd c, ec’ anti-clockwise. 
When C is reached only vert? res are involved, and the 
portions appear to reunite CH On continuing the motion 
of the slit, the portiong,b and e, b appear and revolve 
similarly, until Bnally the other extreme position, they 
become amalgamated ,@ in A. (Emsley and Fincham. 
From Elliot, TUAC A ee Ophthal., 1923.) 


scope) is placed LION yay from the patient, and the diameter 
of the halo mark on some arrangement, as a screen, placed 
immediately bel? the light. Then, tan angle = diam./distance. 
The Dec een corresponding values at 10 feet distance (Elliot): 


Angular Val Diam. in Angular Diam. in 
diam, N inches. diam. inches. 

7° O ? 3 12-5 10° : d $ 21 
xC ; d ` 17 11° : 3 ; 23-3 
YS SE NK KEE 


e EE EE e ~ 


ee 
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Emsley and Fincham’s test (1923) depends on passing a screen 
with a stenopæic slit in front of the pupil. As it shuts off a portion 
of the pupil, two corresponding gaps appear in the glaucomatous 
halo, as is seen and explained in the accompanying diagram 
(Fig. 9), and, consequently, when the slit is passed across the 
pupil, the two parts of the halo which remain appear to revolve 
round. The pathological halo, on the other hand, remains com- 
plete all the time, and merely gets fainter as more of the pupil is 
shut off. 
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CHAPTER III 
EMBRYOLOGY 


In so far as embryology is concerned, ophthalmology forms 
a happy and notable exception to the general trend of 
modern medicine towards intense specialisation. Instead 
of being of asemi-detached and somewhat academic interest, 
embryology has taken a real and integral share in the clinical 
applications of ophthalmology, and the greater part of 
recent research into ocular formation and growth has been 
undertaken by ophthalmologists working with the solution 
of clinical problems as their ultimate aim. 

This clinical interest with which embryological questions 
are associated is accounted for by three factors. In the first 
place, recent improvements in the methods of ex 
of the living eye have rendered possible the re ition of 
its individual structural variations with a gre 
than is possible elsewhere, and the PER h of many of 
these is purely embryological. Moreoyesthe diagnosis of 
congenital from acquired EEN frequently more 
difficult and important in the vO t sewhere in the body, 
and decisions upon many questi sch importance can only 
be made in the light of a knox@@slge of normal and abnormal 
development. Finally, bo e and physiological 
problems may be consi So y clarified in many cases by an 
appeal to the ontog the phylogenetically related species. 

The influence se three factors on modern research 
is indeed so o E? that they may well form the basis of 
a discussion of recent advances in this 
branch subject. The first factor has led to the in- 
tensive Ss minute study of the normal embryology of the 
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human eye; the second to investigations, experimental, 
clinical, and comparative, into the possible modes of produc- 
tion of congenital eye defects; and the third to a greater 
interest in comparative embryology. 


L THE NORMAL EMBRYOLOGY OF 
THE HUMAN EYE 


The general outline of the development of the human eye 
has long been known, and the scope for further research 
lies entirely in the direction of a minute study of the few 
details which still remain obscure in the main plan. The 
general scheme of development is shown in Fig. 10, and the 
explanation of the embryological significance of the various 
tissues is given in the accompanying legend. 

It will be seen that the eye consists embryologically of 
three tissues: the neural ectoderm of the forebrain, the 
surface ectoderm of the side of the head, and mesoderm 
more or less filling the spaces between the ectoderms. The 
study of its development consists in an Za to decide 
in detail the origin and mode of grow the various 
structures of the adult organ from e three primary 
tissues. It is safe to say that th ıly point concerning 
which controversy is still Se he question of the part 
played by each or all of the SES in the production of the 
vitreous, a problem a e present time, is engaging 
the attention of a steadilOi Sa number of workers. 
The following table So in condensed form the generally 


accepted views re the derivation of the various tissues. 


Surface NS gives rise to: 


Lens 
Epi. (ium of cornea ; 
E elium of conjunctiva, and (hence) lacrimal gland; 
. er helium of lids and its derivatives, the cilia, the 
N omian glands, and the glands of Moll and Zeiss ; 
N Epithelial lining of lacrimal apparatus. 


GENERAL SCHEME 5 


D. E. R 
Fic. 10.—The normal development of the Le 


Neural ectoderm shown in black. 
Surface ectoderm is lined. xO 
i : Mesoderm is dotted. 
Stage of primary optic vesicle, vives Ca outgrowth of the 
forebrain and in contact with the siwfate ectoderm. 
. Stage of commencing invaginatior he primary optic vesicle 
and appearance of the lens pit Jhe surface ectoderm. 
Stage of formation of the seco@@yry optic vesicle or optic cup, 
and of the lens vesicle. 
. Deepening of the optic Er aration of the lens vesicle from 
the surface, and a N ance of the hyaloid blood system 


lien 


Bi ee 


within the eye. 

E. Commeneing for (ang growth of the margin of the optic cup 
to form the £iliäfy region and ectodermal part of the iris. 
Formatio Hens fibres from cells of posterior wall of lens 


vesicle. pearance of anterior chamber and lid-folds. 
| Mego condensing around. 


ete, with atrophy of hyaloid blood system. 
(From I. C. Mann.) 
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Neural ectoderm gives rise to : 


Retina, with its pigment epithelium ; 

Epithelium covering ciliary processes ; 

Pigment epithelium covering posterior surface of iris ; 
Sphincter and dilator pupille muscles ; 

The optic nerve (neuroglial and nervous elements only). 


Adhesions between neural and surface ectoderm (with, 
possibly, added mesoderm) give rise to : 


Vitreous ; 
Suspensory ligament of lens. 


Associated mesoderm gives rise to : 


The blood vessels, i.e., the choroid, the arteria centralis 
retin, ciliary vessels, and other vessels of the orbit, which 
persist; and also the hyaloid artery, the vasa hyaloidea 
propria, and the vessels of the vascular capsule of the lens, 
which disappear before birth ; 

The sclerotic ; 

The sheath of the optic nerve ; 

The ciliary muscle ; 

The substantia propria of the cornea, and the endothelium 
of its posterior surface ; 

The stroma of the iris ; 

The extrinsic muscles of the eye ; 

The fat, ligaments, and other Aarten structures 
in the orbit ; 

The bony walls of the orbit, and t ues of the lids. 


Organo-typical Development. MW very large extent to 
which the eye is a self-deterpmihdg organ, whose develop- 
ment proceeds almost normal) en the optic cup is isolated 
from its surrounding e zonic tissues and completely 
deprived of nerve connggtions and of a blood supply, is of 
extreme interest. T} capacity of the isolated embryonic 
eye for de was originally established by 
Lewis in 190%, @ò found that the primary optic vesicle in 
amphibians gröw and differentiated when grafted sub- 
cutaneous) in abnormal situations, such as the back or 
the a en. This study has been carried a stage further 
b dley (1924), who showed that the eye primordium 
oN embryonic fowl grew and developed readily as a 
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graft upon the chorio-allantoic membranes ; and it seems to 
have been pushed to its utmost logical limits by Strangeways 
and Fell (1926), who, cultivating explanted embryonic eyes 
of the fowl in vitro, have verified its great powers of self- 
determination and development (the organo-typical growth 
of Maximow, 1925). 

In their experiments the eyes of chick embryos of sixty-four 
to seventy-two hours’ incubation were dissected out and placed 
in a tube containing a mixture of embryonic extract and plasma. 
When the explants were made the eyes were minute colourless 
bodies. They grew rapidly, reaching a maximum size about the 
eighth day ; then, about the seventeenth day of cultivation, they 
began to degenerate. During this time the histogenesis of all the 
layers of the retina and the fibres of the lens proceeded almost 
normally, except that the differentiation of the tissues developed 
very rapidly, the retina of the explanted eye, for example, 
exhibiting, after seventeen days’ culture, a histological structure 
almost equal to that of a day-old chick. 


The Lens 


The Genesis of the Lens.—The classical work of Rabl (1900) 
on the developing lens in all classes of vertebrates hay never 
been controverted; he established that the leny eyelops 
as a thickening of that portion of the sur Q ectoderm 
of the side of the head which is in coxXtsct with the 
primary optic vesicle. But whether yO thickening is 
specific and inherent for that parti region of surface 
ectoderm, or whether it occurs m as a response to 
some stimulus received from theyprimary optic vesicle, is 
a question which has engag Kä attention of experi- 
mental embryologists for he time. The observations 
of Lewis, referred to RG previous paragraph, showed 
beyond a doubt th O splanted optic vesicles could give 
rise to the formatunl of lens thickenings in any area of 
surface ectodery This appears to prove that the lens is 
merely produ) in response to some stimulus, presumably 
chemical Sa? the optic vesicle. On the other hand 
StockarQoo9-10), finding in artificially produced abnormal 
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fish embryos (anophthalmic, cyclopean, ete.), that lens 
thickenings may be found on the surface of the head 
in regions where there had been no contact with an optic 
vesicle, concluded that the possibility of lens formation is 
inherent in the ectoderm itself. Against these experiments 
it might be objected that the embryos had been exposed to 
the action of toxic substances in solution, and that their 
development was not, therefore, strictly comparable with 
that of embryos which had been subjected to mechanical 
experimentation only. That the optic vesicle does, in fact, 
exercise a strong stimulus towards lens formation on any 
ectodermal structure in its neighbourhood is made clear 
by the work of Fischel (1902-16) and others on the power 
of regeneration of the lens possessed by certain reptiles. 
Thus, in the embryos of some of these animals (salamanders), 
removal of the partially developed lens is followed by the 
formation of a new lens from the epithelium of the edge of 
the iris. In this case the stimulus to lens formation has 
acted on the neural ectoderm of the optic cup itself. 

The work on the development of artificially produced 
monsters carried out by Brachet (1914) hagXbMoadened our 
views and thrown new light upon the@pbject. In am- 
phibians, the cells which eventuall rm the olfactory 
and visual apparatus can be reco N before the closure 
of the blastopore (their den being known as 
acrogenesis), while the cell ing the segments of the 
head from the trigeminal the vagus only begin to be 
distinct with the closurggef the blastopore (cephalogenesis). 
Consequently, by tim% the application of the toxin em- 
ployed to produc AGlonstrosity, the resulting abnormality 
can be contro Orn a fair degree of certainty. Leplat 
(1920), working_gn these lines, has shown that if the lesion 
occurs duriép gastrulation, acrogenesis alone will be inter- 
fered wi Qo that the resulting embryos are anophthalmic 
and, $ ’ no trace whatever of a lens; if, on the other 
ha NNi is delayed until after closure of the blastopore, 


i 
| 


THE LENS 63 


various degrees of cyclopia may be produced, in some of 
which the lens may be absent or abnormal. In no case did 
he find a lens apart from contact with an optic vesicle, 
though in 60 per cent. of cases in one series an abnormal 
optie vesicle was present without a lens. The weight of 
evidence is therefore in favour of the determining action 
of the optic vesicle, but, at the same time, the possibility 
of a failure of the surface ectoderm to respond by iens 
formation to the stimulus of the vesicle must be held 
undoubted. That this failure may even occur in the human 
subject as a sporadic anomaly, apart from experimental 
conditions, is shown by the aphakic embryo described by 
Mann (1922), in which the optic cup was present, though 
slightly abnormal in shape, but nevertheless the only trace 
of a lens was a slightly thickened area on the cornea. 

The Development of the Lens.—A fresh stimulus to the 
study of the developing lens was given by the work of Vogt 
(1921) on the slit-lamp microscopy of this structure in the 
living eye. He showed that the old conception of a lens 
composed of a nucleus and a cortex was erroneous, ree EE 
in reality several “ zones of discontinuity ” could% r&cog- 
nised, their number and thickness varying wj ge... He 
studied the formation of the sutures at dif ages, and 
pointed out that the classical anatomical A 
an inverted Y suture on the front 
erroneous, the Y being in every cage 
anterior surface, and inverted or x 
showed by means of equatorfl, sections of foetal lenses, 
that Rabl’s description of fibres in the lower animals 
as varying in shape ir ss-section according to their 
position, holds true f e Man lenses also. 

The ages at whic e different refractile layers in the 
lens appear have been completely worked out. In the 
early stages Oe one can say with certainty 
that the RNNàry lens fibres formed from the cells of the 
NE the lens vesicle, compose the entire lens 


rams showing 
foetal lens were 
man) erect on the 
e posterior. He also 


64 THE NORMAL EMBRYOLOGY 


until the ninth week of intra-uterine life (Mann, 1925). 
After this, secondary lens fibres begin to grow from the 
cells in the equatorial region, and, overlaying the primary 
fibres, form the sutures on the back and front of the lens, 
where their ends come into apposition. The primary fibres 
remain in the centre of the lens throughout life as the 
“central dark interval” ; the secondary fibres form the 


Fig. 11.—Lens of full-term human RS with the broad 


beam of the slit-lamp. (Mann e, Ophthal. Soc. U.K., 
1925.) Q 


3 


bulk of the lens. The s lled "7 embryonic ” nucleus is 
complete just before birth’ at which time the anterior Y 
suture lies only a sh istance beneath the capsule. The 
appearance is seqn@yAtig. 11, which at this stage forms 
an interesting Se with the complicated structure of 
the fully-dev€lopéd adult tissue (see Fig. 20). 

A good geal of misconception has arisen over the nomen- 
clature eiNthese developing nuclei in the lens, due in part 
to of knowledge of their embryology when they were 
fi SW and, in part, to the carelessness of translators. 
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Embryologically speaking, the developing individual is an 
“ embryo ” only up to the third month of intra-uterine life, 
after which it becomes a “‘ fœtus.” It would seem advisable, 
therefore, to designate the “ central dark interval” the 
embryonic nucleus, since it alone is fully formed before the 
third month, and that portion through which the Y sutures 
run, the fetal nucleus, since its growth lasts from the third 
month until just before birth. Subsequently formed layers 
might well be named “ infantile ” and “ adult.” At present, 
unfortunately, there is neither uniformity in, nor scientific 
basis for, the nomenclature employed. This matter will be 
further dealt with in the description of the adult lens as 
seen by the slit-lamp (p. 97). 


The Vitreous 


The subject of the vitreous is one over which embryologists 
have disputed continuously since the latter half of the nineteenth 
century. The reason for this uncertainty lies in the extreme 
delicacy of the tissue itself, which makes it quite unsuitable for 
the usual methods of post-mortem examination, for its appear- 
ance is profoundly modified by the fixative employed, and\varies 
with the time after death or removal of the eye that tive 
was applied. It is doubtful whether a fixed specim ill ever 
give a true picture of its structure, or even one wh can be 
correlated with the appearances presented by 4AA) slit-lamp in 
the living eye. In the case of embryonic m the sine qua 
non of vitreous investigation is absolute OR of the specimen. 


Even a delay of half an hour after the q or removal of the 
Specimen before its fixation is amply suc to produce artifacts 
of an extremely misleading nature. EN the failure to realise 
this fact, so often and so ably pointedNeut by the pioneer investi- 
gators of the problem (Torna CS) Rabl, Wolfrum, and von 
Lenhossek), which has led recs o the publication of several 
controversial papers (Fr , “1923-24; Dejean, 1923-24) 
wherein attempts have be AN ade to resuscitate the old theories 
put forward by Schélgrik.A848, which have been many times 
demonstrated to be unigxlbtedly erroneous. 


There are thr ssible tissues from which the vitreous 
might arise—fhéctoderm of the lens, the ectoderm of the 
optic cup dw the mesoderm of the hyaloid blood system. 
At one SS the last was considered to be the only origin, 


S 
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but even as early as 1897 Tornatola cast grave doubt upon 
the accepted conclusion, and laid the foundation for all 
subsequent controversy by postulating an origin from 
retinal ectoderm only. More modern investigation has 
tended to. include the two other possible tissues, and to 
consider the definitive vitreous as containing elements 
derived from all three, though in varying degrees. 

The presence in the early stages of development of proto- 
plasmic fibrils. uniting the surface of the primary optic 
vesicle with the deep surface of the lens plate can be verified 
in early embryos of all classes of vertebrates. They are 
present before any mesoderm has insinuated itself between 
the neural and the surface ectoderm in this region, and can 
be looked upon as forming the primary vitreous body. It 
is usually conceded that they are ectodermal in origin, but 


‚Dejean (1923-24), working on ox embryos, and Fracassi 


(1923-24), on sheep embryos, have attempted to throw doubt 
on the supposition. Their work has been ably criticised 
by Carrére (1925) on the ground that no conclusions could 
be drawn from any save the freshest material. \ The investiga- 
tion of Fracassi is inconclusive, since thedgn térial was in an 
extremely bad state of preservatior @hile the value of 
Dejean’s work is considerably Et from by the fact 
that his thesis depended on t ppearances seen with 
differential stains. Since Cy primary vitreous fibrils 
stained as collagen, he arguctthat they were mesodermal. 
The staining reaction f@)vollagen probably requires the 
absence of tryptophangyand tyrosin from the protein mole- 
cule, and it is by n ns certain that in such early embryos 
as must necessa e used, complete chemical differentiation 
is possible, fiat this stage most of the cells are still 
pluripotent! Neither is it certain that collagen (or a 
substartaQacking in tryptophane and tyrosin) can, during 
ent, be produced only by cells of the middle 
al layer. Certainly it is usually so produced ; but, 
raw a parallel from recent pathological research, a 
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substance of similar chemical nature, mucin, which was 
previously thought to denote an unequivocal ectodermal 
origin, has been found in large quantities in cartilage. It 
would thus appear that in our present state of ignorance of 
the chemistry of the undifferentiated cell, to base an embryo- 
logical argument on staining reactions alone is, to say the 
least, unconvincing. 

As early as 1908 von Szily pointed out that the basal cells 
of all epithelial surfaces throughout the embryo were inter- 
connected by a fine mesh of fibrils, among which were 
embedded the mesodermal cells of the embryonic connective 
tissue ; the latter thus consists of two constituents, an acellu- 
lar ectodermal and a cellular mesodermal portion. It is most 
probable that the embryonic vitreous is similar in structure, 
the ectodermai fibrils appearing first as drawn-out adhesions 
between neural and surface ectoderm, among which meso- 
dermal cells connected with the wall of the hyaloid artery 
penetrate at a later date. How far these mesodermal cells 
undergo secondary atrophy, leaving the definitive vitreous 
more or less entirely ectodermal, is still debateable, Neen 
investigations with the slit-lamp (Vogt, Koby, Kor €; tc.) 
have at least shown that it is possible to rec e in 
mesodermal remnants even in adult life, @rrely distinct 
from the general substance of the vit The whole of 
this question is still the subject of GIS: tain amount of 
controversy, and no definite or vue: opinion can yet 
be given, although improved ı ds of preparation and 
examination are doing much zë the problem. 

The Hyaloid ‘‘ Membr. he vexed question of the 
presence of a hyaloid x brane limiting the vitreous is 
also amenable to enfbr GryPlogical research. It is generally 
accepted as beinggpresent, and its essentially mesodermal 
nature is uphelc ejean (1926). Mann (1927), on the other 
hand, RS iat, in the posterior regions, it is inseparable 
developm N y and anatomically from the internal limiting 
membra N the retina (ectoderm), and that in the anterior 
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regions, it is not a definite structureless membrane, but is 
rather of the nature of a condensation only. Slit-lamp 
investigation has also led to the same conclusion (see p. 108), 
and the weight of evidence seems decidedly to favour the 
view that a limiting “ membrane,” in the strict sense, is 
not present, although a region of condensation can easily 
be demonstrated both embryologically and intra vitam. 


The Retina and Ciliary Region and Iris Epithelium 


The differentiation of the retinal layers from the anterior 
wall of the optie vesicle was thoroughly studied by the 
older embryologists. The few lacun® remaining in their 
descriptions, such as the correspondence or otherwise of the 
external limiting membrane with the basement membrane 
of the wall of the optie cup, was filled in by the work of 
Chiewitz, Bach, and Seefelder, and recent work on the 
subject (Mann, 1926) has merely served to confirm previous 
views, and to emphasise the curious fact, already known, 
of the extreme developmental importance of the amacrine 
cells. In all classes of vertebrates these.Arise originally as 
a distinct and separate layer which dogXQnot blend with the 
inner nuclear layer until towards th of foetal life. This 
seems to indicate that they hav greater functional im- 
portance than has hitherto be signed them. 

The pioneer work of v. Sach the origin of the pupillary 
musculature from the will of the optic cup has received 
ample confirmation in r&dnt years (Leplat, 1921 ; Speciale- 


Cirincione, 1922 ; n, 1925), and there seems now no 
reason to dou apparent anomaly of a contractile 
tissue being d ped entirely from ectoderm. The peculiar 


embryolog of these muscles is associated with their peculiar 
u Re and explains the phenomenon of the direct con- 
tracti@) vf the pupil under the stimulus of light, which was 
1 Gn an earlier chapter. v.Szily himself (1922) has recently 
NS to the very few known examples of this embryological 
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PLATE ]. 
THE VASCULAR ARRANGEMENTS IN THE DEVELOPING EYE. 


The upper figure is that of the eye of a human embryo—40 mm. (second 
week of third month). The lower figure is that of the eye of a human fœtus 
—84 cm. (beginning of fourth month). 


Ah—Arteria hyaloidea. 
Re—Ramus centralis of hyaloid artery. t 
ts—Ramus superficialis of vitreous (vasa hyaloidea propria). 
Rm—Ramus medialis of vitreous. 
Avs—Superficial vessel of vitreous (in involution). 
Vep—Vessel of capsulo-pupillary portion of the medial Nee 
transporting blood to the vitreous and the posteriori o the lens. 


Ed—-Distal extremity of capsulo-pupillary system, forn 


the annular 


vessel. 
Ict—Outlet of superficial vessels of vitreous at eaue "mal limit of the 
capsulo-pupillary portion of the vascula EA of the lens. 


Alpc—Trunk of a long posterior ciliary artery, Q 
Mp—Vessel of pupillary membrane. 


(From R. Versari, ve Richerche di Morf&osia,” Vol. III., Fas. II.-III., 
Tav. XV., Figs. l and 4: SÉ o. béi 
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rarity by describing the origin of the retractor lentis 
(Campanula Hallerii) of teleostians from the ectoderm of 
the lips of the foetal fissure. The region of the fissure itself 
has been the subject of much recent research, which will 
be discussed in connection with congenital anomalies and 
comparative embryology. 

The development of the zonule from the neural ectoderm’ 
of the ciliary region has been redescribed by Carrère and 
Druault, and it is now generally conceded that the zonular 
lamella of the lens capsule is ectodermal in origin, as 
originally stated by Anderson Stewart, and not mesodermal, 
as suggested by Schwalbe. 


The Vascular Arrangements of the Developing Eye 


Embryological research is usually carried out by the method of 
serial sectioning and subsequent reconstruction, linear or plastic. 
The embryo is cut into serial sections, which are magnified by 
means of a projection apparatus upon a wax plate, and the 
outline of the part it is desired to investigate cut out in the wax. 
The magnified wax reproductions are piled in order one upọn the 
other, the resulting model thus forming a magnified r, Pin of 
the actual structure. This method is applicable to the@&>arnina- 
tion of the changes of shape of any solid or hol organ or 
epithelial surface, but it is not entirely GE) dealing 
with arrangements of small blood vessels, sin are difficult 
to trace accurately from section to section. Tsari is due the 
credit of applying another method of in tion to problems 
connected with the foetal blood supply, Pe structure of the 
iris. This method consists in injectinäkthe blood vessels with a 
mixture of gelatine and Prussian blug) d examining the speci- 
mens with a binocular micrascopesither whole or after freehand 
Sectioning in various meridians 
Versari mark a great advance 
this direction, and have e 


ce 
< 


e preparations obtained by 
evious embryological work in 
d him to settle quite definitely 
the few debateable points ıch remained outstanding in con- 
nection with the vaaan natomy of the embryonic and fetal 
eye. The results are,entodied in a valuable monograph (1923), 
in which are tracé ccessive embryonic stages from 10 mm. 
(four and a half OS to term. 
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By the of Versari, the appearance of the hyaloid 
artery, tl An gin from it of three sets of vessels, a superficial 
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(vasa hyaloidea propria), a medial, and a terminal (capsulo- 
pupillary), and its subsequent regression has been demon- 
strated beyond equivocation (Plate I). The vexed question 
of the origin of the major circle of the iris can also be con- 
sidered as finally decided. The margin of the optic cup in the 
earlier stages is marked by the presence of a large thin-walled 
vessel (the annular artery of Fuchs), which is connected with 
the developing choroidal vascular mesh on the outside of 
the cup, and with the primitive loops of the anterior 
portion of the tunica vasculosa lentis on the front of the 
lens. This annular vessel appears to occupy the same 
relative position as the major circle of later stages, and it was 
long uncertain whether it underwent direct differentiation 
into the arterial circle, or whether it was replaced by it. 
When the question is studied by serial sections alone, the 
impression gained is of a definite transition from the one to 
the other, but the injection methods have shown con- 
clusively that such is not the case. The annular vessel is 
venous in nature, and a second circle is formed very slightly 
posterior to it by the anastomosis of the terme! bifurcations 
of the long ciliary arteries, which only in?to be recog- 
nisable when the annular vessel is he height of its 
development. As the true arteria le increases in im- 
portance the annular vessel de ates into a series of 
choroidal venous loops, and ecomes unrecognisable as 
a distinct vessel. That bo € venous and arterial circles 
occupy practically the sak position at successive stages is 
a point of great valug @y estimating the growth forward of 
the iris, and also t mation of the angle of the anterior 
chamber. This N is formed relatively late in foetal life 
by the atr of the undifferentiated mesoblast which 
previously_bie@ked it, and its development can thus be 
FRA Jpart of a regular succession of stages of meso- 
blaster ression associated with an increasing importance 
NY epiblastic structures, which, in the human eye, forms 
h® outstanding feature of its final differentiation. 
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The introduction of the slit-lamp has instituted renewed 
research into the development of the iris (Wolfrum, 1922 ; 
Mann, 1925), many facts in connection with which had been 
overlooked or misinterpreted hitherto. Thus the extreme 
frequency of the presence of remnants of the pupillary 
membrane in children has been established. The study of the 
regression of these vestiges in the foetus was undertaken by 
Mann (1925), who employed the slit-lamp in the investiga- 
tion, a method of much greater value for this purpose than 
the microscopic examination of sections, and giving results 
exactly comparable with those obtained clinically. Fig. 12, 
shows three stages of regression of the pupillary mem- 
brane. These demonstrate the rationale of its attach- 
ment to the lesser arterial circle, and they indicate clearly 
the intensely vascular nature of the adult iris stroma, the 
visible part of which is merely a persistence of the peripheral 
arcades of the original anterior vascular capsule of the lens. 


The Mesodermal Structures in Relation with the eh 
xtrinsic 


The question of the ontogenetic origin of NN 
ocular muscles in man is still amenable to f r research. 
Their phylogenetic value as outgrowths frogNhe walls of the 
cranial myotome cavities (head E admitted, 
and any further work on the point Wimately bound up 
with the extremely difficult probl&n of head segmentation. 
There are two essential layers mesoderm in the head 
region, the paraxial segmen mesoderm of the skull þase, 
and the lateral, unsegme sheet of visceral or branchial 
mesoderm applied outsi N tis. Associated with all questions 
regarding the genegt3 the skull and its related muscles is 
the question of tie” possibility of separating these two 
essential layer: ONE chent the major period of development, 
and of dem ating the derivation of the various cranial 
mesobl: NN ructures from one or the other. This problem, 
touch N by Brachet in 1907, has been alluded to by 
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THE IRIS 


Fig. 12.—The development of thgaNg of the human fœtus. 
A. Surface view of the iris of thgafive and a half months’ human 
foetus (under slit-lamp). sphincter iridis. 
B. Surface view of iris of se nths’ human foetus. 
| C. Surface view of iris of and a half months’ fœtus. 


| cp (Mann, Brit. Journ. Ophthal., 1925.) 
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Neal (1918) and Kingsbury (1926-27) from the standpoint 
of segmentation, and Frazer and Mann (1923) have worked 
upon the question of the separation of the layers; but a 
vast and intensely interesting field for research still remains 
open here. With regard to the development of lids, con- 
junctiva and associated parts, the classical work of Contino, 
Requier and Lang still stands unchallenged. 


2. CONGENITAL EYE DEFECTS 


The existence of congenital eye defects leads inevitably to 
speculation along two lines of interrogation, interrelated 
but at the same time distinct as to the ultimate issues which 
they involve. We know: 

(a) That congenital eye defeets, though extremely varied, 

are not altogether fortuitous in their occurrence, but 
lend themselves to a certain extent ZO classification 


into groups, the members of eac oup bearing a 
resemblance to each other, bu to members of 
other groups ; 

(b) That eye defects, though sionally isolated, are 
very frequently trans in a manner similar to 


other hereditary djse%Ses, and that such trans- 
mission is usually GR defects belonging to one group 
only, sporadic @yteroppings of defects of another 
group or ty ing extremely rare in the affected 
pedigree N j 
Two lines Für are therefore open. In the first 
place, there 1e investigation of the actual mechanism of 
productif Of the defects, i.e., the examination of the stages 
of the} ae development, and the discovery of some 
COIN N factor interrelating them, such as the time of their 
deyMopment, and the position or nature of the primary 
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departures from the normal. Secondly, inquiry can be 
carried along more teleological lines into the primal causes 
of the initial aberrance, the mechanism of its transmission, 
and the possibility of experimental initiation or suppression 
of the process. The first line of inquiry affords assistance to 
the second, but can be pursued without it. The second 
depends upon combination with the ‘first. for its successful 
consummation, a fact which has been overlooked occasionally 
in biological research, with disastrous consequences in the 
interpretation of results. 

The Mechanism of the Production of Defects.—It is well 
known that many animals, especially rabbits, are remarkably 
subject to hereditary eye defects, more particularly to that 
group which includes coloboma of the choroid and optic nerve, 
typical coloboma of the iris, and microphthalmos with orbital 
cysts. If such an affected buck be used for breeding, a large 
number of the offspring will be found to have similar defects. 
It is thus possible by in-breeding to produce a stock in which 
the defect occurs in so high a percentage that the does can 
be killed at various stages of pregnancy, and th bryos 
examined with a fair certainty of obtaining XI eties of 
embryonic stages of the group defect. TL EI, ien of 


investigation has been used extensively 3 yanagi (1921) 


and von Szily (1924), who have exploite ir material with 
so much thoroughness that an =O ccurate knowledge 
has accumulated of the ontogenetic stages of development 
of all those congenital anomalie&hssociated with aberrant 
closure of the foetal ocular B. It is noteworthy that in 
Koyanagi’s series of ve? from the affected stock no 
case of any other grou ect (lens defect, cyclopia, anoph- 
thalmos, etc.) wa d. The transmission is therefore 
specific for one aD 

The conelusiös&Arrived at by von Szily (1924) agree closely 
with those oyanagi (1921); their histological findings 
are NS y and are also similar to those described by 
Davis 5) in the affected stock of Guyer and Smith 
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(1918-24). In all cases the primary defect is in the 
method of closure of the fetal cleft. There is an excessive 
eversion of the inner retinal layer, an increase in the number 
of mitoses along its margins, atypical development of the 
everted area of the retina, and, in the cases complicated by 
orbital cysts, distension of the cavity of the primary optic 
vesicle in the region of the eversion. It is, therefore, probable 
that the primary failure is in the neural ectoderm of the 
optic cup, since the mesoderm in the cleft, though occasionally 
abnormal, is not uniformly an obvious cause of the failure of 
closure. | 

von Szily has continued these investigations to include 
malformations of the optic disc (inferior and atypical 
crescents, colobomata, and abnormalities of the vessels), and 
has shown in practically all cases that malformations of the 
neural ectoderm of the “ primitive epithelial papilla ” can 
give rise to the various well-known aberrations of the 
nerve-head. He has collected and examined a vast amount 
of material, both clinical and embryonic, human and com- 
parative, and has brought our knowledge ofthe subject to 
a very high level of detail. 

Atypical colobomata of the iris and cts of the iris 
generally have been investigated b ann (1924); these 
are due to failure of the norm Focess of mesodermal 
atrophy already referred to in a with the development 
of the iris and anterior chanfker> This investigator is of the 
opinion that failure of retr@@ession of the capsulo-pupillary 
portion of the tunica v @ulosa lentis at the usual time may 
lead to irregularities e margin of the optic cup, and she 
considers that th véi margin of the anterior portion 
of the eye (irj Qis, persistent pupillary membrane, buph- 
thalmos, te We primarily mesodermal, and can be sharply 
distinguis from those involving the foetal fissure in the 
posteri rt, which are ectodermal. 
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N 1926) has also attempted to elucidate the question 
Se 


enital coloboma of the macula, and has shown that, 
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in this instance, the application of embryological methods 
has led to entirely negative results. This is a conclusion 
as important as the positive results obtained in dealing with 
the other groups of defects, for it opens up the difficult 
question of the rôle played by toxins and infections in 
producing foetal inflammation, and shows that a group of 
(sporadic) congenital defects, not explicable on develop- 
mental lines, exists and must be considered. 

The Causes of the Production of Defects.—The wider aspect 
of developmental aberrance has been the subject of much 
research during recent years. In the biological field con- 
troversy is still hot over the apparently perennial questions 
of the inheritance of acquired characters and the origin of 
mutations. Hypotheses advanced to explain these matters 
appear superficially to be easily susceptible of experimental 
proof or disproof, and it is only when one comes to examine 
the accumulation of observations on questions of heredity 
that one realises that the subject is rendered difficult by 
the conflicting variety of interpretations which it is possible 
to apply to any given set of experiments. For, als the 
evidence against the possibility of producing Hications 
of the germ plasm by alterations in the some tissue has 
been accumulating, and so long as oO ental work 
remained confined to mechanical muti SCH or modification 
of the body, all the balance of fact atned on one scale. 
With the rise of the science of ipfgunology, however, the 
possibilities of experimentatign\ecame remarkably in- 
creased. The countless dis ries in the field of serum 
reaction naturally sugge Lët: possibility of another route 
of approach, by modifi N of the somatic cells by protein 
sensitisation, a Broich might be supposed to exercise 
a more profound effétt on the body as a whole than mere 
mechanical tr . It was soon discovered that whereas 
a large 1 ° of somatic proteins showed “ species 
specifici SW Whe crystalline lens proved an exception and 
gave D organ specific” reactions, lens protein being 
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apparently identical in all cases. On this fact have been 
based a large number of experiments designed to prove the 
possibility of producing and maintaining a strain of con- 
genital and hereditary lens defectives, the ancestors of which 
had been sensitised to lens protein. In 1918, Guyer and 
Smith published work which superficially seemed to render 
the fact of the transmissibility of acquired characters 
absolutely certain, and appeared to necessitate the deduction 
that germinal constitution could be attacked by immuno- 
logical influences. 


The main lines of the experiments were as follows: Rabbit 
lens protein was injected into fowls in such doses as to produce 
a lens antibody in the fowls’ serum. This serum was then 
injected into pregnant doe rabbits, the offspring of which (if the 
injection had been performed sufficiently early in the pregnancy) 
showed congenital eye defects (cataract, microphthalmos, and 
coloboma of the iris and choroid). These affected offspring were 
mated together without further sensitisation by fowl serum, and 
their offspring for many generations showed similar congenital 
eye defects. That an actual modification has been produced in 


the germ plasm was claimed to have been proved by the fact 
that an affected buck of the first generation ac was 


found to be capable of transmitting the defec mated with 
normal females of an unrelated healthy stray 


the good result of stimulating workers to repeat the 
experiments, using Guyer an ith’s original technique 
and also introducing varioy modifications. The most out- 
standing result which has Qrersed is the fact that in no 
instance has it been ble to confirm the results of the 
original experiment¢py~) Huxley and Carr-Saunders (1924), 
Finlay (1924), oynter and Allen (1925) have all 
repeated the @xperiments, using active, passive, and auto- 
sensitisation, Pit have not once succeeded in producing 
even a sierddic eye defect. With regard to the original 
experi s it can be urged with reason that the defects 
aR tly produced were not confined to the lens, as would 


This work aroused much une , and had at least 


y been expected, since lens protein is organ specific. The 
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aberration, both in the offspring examined at term and in 
the embryos removed before birth, appeared to be primarily 
in the neural ectoderm of the optic cup, and not in the 
surface ectoderm of the lens. In many cases the lens was 
normal, in others it was only secondarily affected ; in no 
case was a congenital cataract unassociated with the other 
anomalies produced. These, in fact, resembled exactly, 
both in the adult and foetal stages, those previously inves- 
tigated by von Hippel, Koyanagi, and von Szily, in all of 
whose cases the defect had arisen spontaneously and had 
been intensified by in-breeding alone. It must also be 
pointed out that it has long been known that rabbits bred 
for laboratory purposes are extremely prone to suffer from 
congenital microphthalmos and coloboma, and that unless 
the pedigrees of both the parents are known through both 
sides for several generations,.the appearance of an eye 
defect after experimentation cannot be regarded as definite 
evidence in favour of the experiment. 

That congenital cataract in the offspring can be produced 


by poisoning the doe with naphthaline is well , but 
since the defect is not transmissible it is expli on the 
ground of direct diffusion of a toxin throug placenta, 


a possibility which may also be invoke m) dealing with 
sporadic cases of eye defect in man assgegf with maternal 
infection. Such cases are not heret) > On the whole, 
the balance of evidence still EN against the possibility 
of any active modification of th&germ plasm through the 
somatic cells, and the sero l induction of hereditary 
modifications cannot be ¢ s proven. 

Experimenters worki ith oviparous animals, especially 
amphibia, which 1 emselves to experimentation ex- 
tremely well, have.distovered many ways in which congenital 
defects of the ey be produced. Among the chief of these 
are alteratip the concentration or the chemical constitu- 


tion of RD t solutions in which the eggs are developing, 
the application of heat or cold either at different stages or 
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continuously, and the addition of definite protein poisons 
to the solutions in concentrations insufficient to cause death. 
In all these ways, if the stimulus is applied early enough, 
the growth of the eye may be modified and deformities, 
ranging from anophthalmos and cyclopia through microph- 
thalmos to typical coloboma, may be produced, the impor- 
tant factor being a definite interference with the whole 
ovum at a certain specified stage. 


3. COMPARATIVE EMBRYOLOGY 


The human eye is in many respects a primitive structure, 
and conforms fairly closely with what may be termed the 
simplified type of vertebrate eye. It is remarkable in that 
it combines a high degree of functional activity with 
relatively few specialisations. The presence of a macula, and 
a greater difference between the curvaturesjof the anterior 
and posterior surfaces of the lens than ther species 
mark it as human, or rather as pri @) since the higher 


apes possess eyes almost exactly si r. In spite of this 
relative simplicity, the human shows, both during 
development and during ad , certain peculiarities of 


structure which can be BEN d by comparison with other 
forms in which similar (8) uctures may often be found 
considerably elaborate@gnd endowed with special function. 
From this point of x therefore, the study of comparative 
embryology is e al for an understanding of the signi- 
ficance of ce @) apparently meaningless modifications. 
This is paNitularly the case when considering the region 
of the fax@Dfissure. The mechanism of its production and 
the p es associated with its closure have been exhaus- 
D tudied (Mann, 1921-24; v. Szily, 1922; Leplat, 1922; 
Men and Jokl, 1922), and it has been shown that it is in 
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the cleft region that the greatest differences of development 
exist between various species. A few of those structures 
with the formation of which the cleft is concerned include 
the pecten of birds and reptiles, the processus falciformis and 
the retractor lentis muscle of the bony fish, the glial tissue 
of the disc and the structures surrounding the base of the 
hyaloid artery in mammals. The margins of the cleft are 
capable of specialising into a variety of tissues, such as the 
unstriped muscle in the Campanula Hallerii (retractor lentis), 
the pigmented ectodermal component of the pecten in birds, 
and the glial sheath of the hyaloid artery in human embryos. 
Attempts have often been made to homologise these struc- 
tures, but although they all develop in association with the 
closing fissure, it has now been shown that they are in no 
sense homologous, neither, indeed, are they all developed 
from the same germ layer. Thus the processus falciformis 
is entirely mesodermal, and is merely invaginated into the 
eye through the open fissure; the retractor lentis, on the 
other hand, is entirely ectodermal, being acy from 
the cells of the fold projecting into the eye from the ll of 
the optic cup in the lower part of the cleft (v. BA 1922). 
The pecten of birds, although considered b me to e 
mesodermal (Slonaker, 1921), appears-to Kor todermal at 
its inception, and to become secondari aded by meso- 
derm, and finally consists of ENDE encased in 
pigmented tissue derived from the el surface of the cleft 
margin (v. Szily, 1922; Mann, 1928424; Lindahl and Jokl, 
1922). The cone or pecten of yastiles is, according to v. Szily, 
purely mesodermal, put og 922) and Mann (1923) have 
found it in early “ee onsist S a projection from the 
wall of the epithe ectodermal) papilla, and to be 
secondarily invaded mesoderm, thus being strictly 
comparable to Si structure in the avian. This 
is actually t expected in view of the close e 
between N Sauropsidae. 

The intra-ocular blood supply is also extremely 
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variable among different species. The mammalia show a 
great increase in this respect over other classes, though in 
all the animals so far described there is a certain amount of 
ingrowth of the vascular mesoderm through the cleft. The 
statement made by the older embryologists that the hyaloid 
system is entirely absent in birds is no longer accepted, 
for in these, though very small and confined entirely to 
the lower part of the eye, the hyaloid vessel is quite definite. 
As we ascend the scale a proportionately greater amount of 
mesoderm enters the eye, and the definitive blood supply 
becomes more abundant. 

Less difference exists between species in such matters as 
the differentiation of the retinal layers (Cattaneo, 1922; 
Mann, 1926) and the development of the intrinsic muscles 
(Leplat, 1922; Speciale-Cirincione, 1922; v. Szily, 1922). On 
the whole one can say that a very distinct similarity exists 
between the developing eyes of all classes of vertebrates, 
structures which form a marked feature in some species 
being often traceable as rudiments or vestiges at some stage 
of development in many other species. The fact that the 
human eye exhibits a remarkable Se) the specialisa- 
tion found in other classes is only on Qore example among 
many in anatomy and physiology 9 primitive character- 
istics of the human race. It noteworthy that with 
simplicity of structure is U Q linked the possibility of 
adaptation to EOE ıd the power of continued 
evolution. O 
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CHAPTER IV 


METHODS OF DIAGNOSIS 
1. BIOMICROSCOPY 
The Slit-Lamp 


THE slit-lamp has undoubtedly proved itself the most 
valuable and fruitful of recent advances in ophthalmological 


diagnosis. In very large measure this is due to the sustained 


and brilliant researches of Vogt; he has been responsible 
for the elaboration of the greater part of its technique, 
and by thus virtually creating a new science he has placed 
ophthalmology deeply in his debt. The main value of 
the instrument lies, not in the new facts it has revealed— 
for these are surprisingly few—but SE it 
has provided of observing directly minute detail, and 
correlating into one composite age processes whose 
intimate nature had to be infers before its introduction, 
from the older and cruder eae methods available to 
the clinician, or referred forNHeir elucidation to the morbid 
pathologist. Over bot@df these the new method has 
advantages ; but it has disadvantages. 

In comparison the histological method of inquiry, 
the higher m cations, such as are required to reveal 
cytological s(@cture, are, and will always be, imprac- 
ticable. e are three reasons for this. The limita- 
tion is*\pOrtly due to mechanical difficulties. The resolu- 
Lon zk the finer details of the observed tissue is 
SE a function of the numerical aperture of the 


A ective employed in the microscope, and since each 
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increase in the objective magnification implies a decrease of 
the focal distance and an accompanying diminution in the 
available light, extension in this direction as applied to the 
living subject is obviously limited. Optical difficulties limit 
the utility of the instrument, for the eye is neither an 
optically centred nor a corrected system, but is characterised 
by unknown errors due to the influence of chromatic, 
spherical, diffractive, and astigmatic aberration. More 
important, the physiological impossibility of keeping the 
eye at rest during the examination limits the practicable 
magnification to well below 50 diameters. In addition 
to the limitation of magnification, the contrast effects of 
differential staining which histology provides are not ob- 
tainable; but the compensatory advantage is offered 
of providing the opportunity of studying changes as 
they actually occur and unfold themselves in the living 
tissues unmodified by the artifacts inseparable from 
histological technique, of appreciating these changes in 
their topographical relationships, of associating them and 
correlating them with interdependent changes ggeyrring 


elsewhere, and of following them out step by s n their 
development. 

In comparison with the older methods of gHyNcal examina- 
tion the slit-lamp has presented to u ctures with an 
elaboration of detail hitherto unrealigey St has allowed us 


to establish minute and accurate %ecords of progress, and 
to determine with certainty and tue appreciation those 
finer points of diagnostic and gnostic importance which 
formerly could only be mad if at all, with difficulty and 
hesitancy, or when they rogressed to a stage at which, 
measured by its ee they appear as gross. In 
addition, structures ch owing to their delicacy were not 
appreciated clini , or were sacrificed in the mutilating 
technique of histologist, or whose substance was not 


amenable N erential staining, have been revealed owing 
to N in their optical properties. Of the existence of 
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some of these we were unaware, and the common occurrence 
of others we did not suspect. 

It is to be remembered, however, that many of the 
appearances the slit-lamp presents are merely optical 
phenomena, the result of the varying heterogeneity of 
the media through which the light is passing. What the 
actual condition is which gives rise to these variations is 
not always clear and is frequently a matter of deduction ; 
and in the interpretation of these appearances different 
observers have not always been in accord. Many of these 
deductions have been somewhat loosely accepted as facts, 
and some of them will doubtless have to be revised when 
observations have been made over long periods of time 
and on large numbers of cases. Only when the findings of 
biomicroscopy are accepted with this limitation can they be 
properly appreciated, and their value adequately assessed ; 
and the pictures it presents can only be legitimately inter- 
preted when they are correlated with the broader and more 
co-ordinated appearances laid bare by the older methods of 
examination, and when they are judged inythe light of the 
evidence derived from the sectioned tis I 

The method is to be regarded, the ye, as a refinement, 
an adjunct to the older methods Bag e and clinical 
study, not displacing them, but lifying them, rendering 
accessible that which before omparatively inaccessible, 
and inter-relating in a co- te manner details which were 
without significance ee as isolated findings. 


Technique.—The Qrmciple of the slit-lamp is not new: it 
is merely the s c adaptation of oblique focal illumi- 
nation. Ap-ifdehse and readily controlled beam of light is 
thrown int e eye, and the appearances in its path and 
the optt Spphenomena to which it is subjected as it traverses 
the r media are observed stereoscopically through a 
N ar microscope. In its application six methods of 
DS nique are available, and the efficiency of the instru- 
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ment in the finer points of diagnosis depends largely on 
the proper choice and application of these methods of 
varying and controlling the illumination :— 

(1) Direct Illumination.—This is the most generally useful 
method of examination. In it the light is directed obliquely 
into the eye in a readily controlled beam, which, intensified 
by all the advantages of a dark background, illuminates 
brilliantly the opaque structures and throws into relief 
minute optical differences in the transparent media. With 
a slit opening the beam is prismatic, and by narrowing the 
slit aperture optical sections of the tissues, 50 microns 
in diameter, may be obtained without seriously cutting 
down the intensity of the illumination. The densest focal 
part of the luminous shaft is projected upon the area to 
be studied, and, coincidently, the microscope is focussed 
upon the same part, and the structures are examined 
directly. 

There is no optically homogeneous medium in Nature. 
Light passing through a transparent medium is to a greater 
or less extent transmitted, but since some of the cogfponent 
particles are of different refractive index, a pordior f the 
incident light is reflected from them and dispersed 
irregularly. When viewed from the side, of this dis- 
persed light enters the observer’s eye, xe) the beam is 
rendered visible, just as the shaft of Gene is seen in 
its passage through the air. Thig optical heterogeneity of 
the “ transparent ” tissues, by w e? they appear no longer 
transparent, Graves (1923) h@, called “ relucency.” The 
more heterogeneous a med} s, and the more intense this 
diffuse reflection, the g ©. its reluceney. Minute differ- 
ences in the med] thus made apparent, areas of 
different EE differentiated, and opacities of a 
degree so slig s not to be otherwise deteetable are 
rendered vis] ©* When light is thus thrown into the normal 


eye, we s e relucent tissues in its path, and we can dis- 


RN ‘eral zones of optical discontinuity due to the 
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variations in the amount of the diffuse reflection. Such an 
optical section of the eye is seen in Fig. 13. 

(2) In diffuse illumination a broad beam, slightly out of 
focus, is thrown at an obtuse angle over a wide area. Large 
surfaces, such as the iris or the anterior or posterior surfaces 


RN 


Fro, 13.—Optical section through the eye. The appearances seen 
on direct illumination with a narrow beam. 
Most proximally is seen the optical section am cornea, 


with the accentuated anterior and posterior. (as. Behind 
the cornea, the aqueous flare is faintly. ested. More 
posteriorly is the optical section of the with the accen- 
tuated anterior and posterior bands, e zones of optical 


discontinuity. Most posteriorly th ro-lental space, with 
the framework of the vitreous di ıtlined. 


The drawing is a composite © all parts of the section 
being represented as being Ber simultaneously. 
of the lens, are thus wwii for direct, but not extremely 
detailed examination. 

(3) The third m of examination is that of retro- 
illumination (Gr N by which the light is direeted upon an 
opaque body apt mirror surface behind the tissue to be 
examined, ayhith is thus seen in the irregular reflection 
from the er, or the regular reflection from the latter. 
Thus, ornea may be examined by light reflected from 
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by light from the lens; and the anterior parts of the lens 
by light reflected from its posterior surface. This is espe- 
cially useful in the observation of vacuoles, droplets, and 
the bedewing effects of cedematous changes. 

(4) By the examination of zones of specular reflection 
(Vogt). When the beam of light passes from one medium 
to another, part of it is transmitted through and part 
of it is reflected back, the amount reflected depending 
on the difference in refractivity between the two. This 
reflection, therefore, occurs at surfaces of optical dis- 
continuity. Were the surfaces absolutely smooth, the 
light would be reflected regularly ; but, inasmuch as small 
irregularities always exist, part of it is reflected irregularly. 
This irregularly reflected light shows up any small irregu- 
larities on the surface, which act like the minute defects on 
the mercury film of a mirror, or the graining in varnished 
wood when light is reflected from it. In this way, in the 
“ zone of specular reflection ” are revealed disturbances so 
minute as to be quite invisible by diffuse light. An extremely 
delicate means is thus provided of detecting and ssing 
the significance of changes on both surfaces of cornea, 
and of the surfaces of the lens and of its nuc 

(5) The fifth method of examination i ës lateral 
illumination, which is made possible es the 
beam upon a spot at the side of the ¢ t is proposed to 
examine. Thus, by illuminatin Ar e neighbouring iris 
stroma, hemorrhages are clearly\séen and the presence of 
the sphincter muscle and 9 @hromatophores is revealed. 
Similarly, by EE RUS, ht upon the sclerotic near 
the limbus, it is easy tore amine the limbal portion of the 
cornea; and if aoe of the rays is sufficient to 
induce total inte af’reflection, the whole of the cornea, 
including the op 
of ae 1 


te limbus, is lit up (“ sclerotic scatter " 


ying oscillatory illumination (Koeppe), wherein 
e & given an oscillatory movement, it is often possible 
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to see minute objects, especially in the aqueous and retro- 
lental space, which would otherwise escape detection. 


The Localisation of Depth.—One of the most useful and 
valuable applications of the slit-lamp is the accurate localisa- 
tion of depth. The fact that the microscope gives a 
stereoscopie image allows the relative position of objects to 


Fra. 14.—Localisation in the cornea. 
The illustration represents two 
foreign bodies localised in the 


v 
TI 5. — Localisation of 
LN th. The track of a 


F 
x eel splinter through the 


beam of the slit-lamp, one in t cornea. (Harrison Butler, 
substance of the cornea, the oth Trans. Ophthal. Soc. U.K., 
on the posterior surface. Sue 1925.) 

light is coming from the lef 


the upper foreign body is möre to 
the left than the lower & 


be estimated by A inspection. Further information can 
be obtained by GOniparing the points at which two areas can 
be accuratelyégcussed, and greater accuracy is introduced by 
measurittg pre displacement suffered in focussing the micro- 
scope means of a micrometer screw (Ulbrich’s drum). 
A aoe accurate method still, developed by Vogt, depends 


ie the observation of projected shadows, or, more easily, 
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upon the location of the object in the optical section when 
viewed from the side (Fig. 14). The thickness and variations 
in the thickness of the cornea and of the lens or its different 
parts can thus be assessed, the precise depth and course of 
a wound (Fig. 15) and the topographical location of a lesion 
or a foreign body can be determined, and the depth or, in 
some cases, the existence of the anterior chamber can be 
established. 


Clinical Appearances 


It is impossible in the compass of one section of a single 
chapter to deal adequately with the advances which the slit- 
lamp has made possible. The brief sketch which follows 
may serve to indicate the nature and extent of some of them. 


The Cornea.—The cornea appears by direct illumination 
in the beam of light as a relucent truncated prism (Fig. 16) 
having on its anterior surface, where the air-cornea interfaces 
meet, a bright rectangular-shaped “ anterior band,” and on 
the posterior surface, at the cornea-aqueous interf; a less 
markedly differentiated ‘‘ posterior band.” If 
very narrow, an optical section is produced, 
the surface epithelium is differentiated fr he stroma as 
the “ epithelial impact line ” (Fig. 17) ves). In these 
circumstances the highly intensifie helium is seen to 
be separated from the relucent& cöfnea by a relatively 
optically empty zone, with thO result that minute dis- 
turbances and elevations of th@pithelium can be recognised. 


The various forms of ficial keratitis are readily 
distinguishable with a IN egree of accuracy ; the sharply- 
defined dots of su ] punctate keratitis and the more 


diffuse opacities of Pesacea, the various lesions characteristic 
of herpes, the, ise three-dimensional appearance of an 
ulcer, and, t ner and more tenuous changes of keratitis 
epitheligh\ N f Vogt), whose nature and importance have 
been V ed for the first time by the slit-lamp. 
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Its relucency shows that the substance of the normal 
cornea is by no means optically homogeneous. It rather 
presents a regularly marbled appearance, although no 


Fic. 16.—The normal 
corneal prism. The 
light is coming from 
the left. The mottled 
appearance of the Fie. 17. ptical section of the cornea. The 
parenchyma is shown illustzat hows a recurrent erosion of the cornea 
and the corneal m The epithelium appears as the 
nerves. The side to epithelial impact line.” It is separated centrally 
the left is the epithelial a bulla, and under it is a leash of vessels 
surface. (Harrison wing the precise localisation of the pannus. 
Butler, Brit. Med. i, Butler, “ Illustrated Guide to the Slit- 
Journ., 1924.) Sw ” Oxford Med. Pub., 1927.) 


regular eo lamelle or lymphatic spaces has been 
N ses In inflammation the cornea 
i ickened, the stroma suffers a loss of transparency 


is usua 
AS x pears milky, while infiltrations and thickenings, 


Joch ke, diffuse, or disciform, can be deliminated, and fine 
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opacities observed. A detailed study of limbal tumours can 
be made, their exact dimensions and degree of penetration 
recorded, and an accurate record kept of their rate of growth, 
or of the recession of growth under treatment by irradiation, 
or of early recurrence or non-recurrence after operative 


removal. 


The two structureless membranes, Bowman’s and 
Descemet’s, are not normally differentiated, but in patho- 
logical conditions where they have become folded or 
thickened, or ruptured or detached, as after inflammation 
or trauma, these abnormalities are readily recognised by 
the characteristic reflexes to which they give rise. The 
nerves lose their medullary sheaths after passing the limbus, 
and are seen as silky filaments, whiter than the stroma, 
branching dichotomously in the middle and superficial layers 
of the cornea. The freely anastomosing network of vessels 
arranged in palisade at the limbus is visible up to its 
finest anastomoses. New vessels formed in pathological 
conditions, either carrying an active circulation or in a 
shrunken or obliterated condition, can be seen "Ee alised, 
or the incipient pannus of trachoma detected i earliest 
stages. Pigment deposits inside the compe il line, 
Krukenberg’s spindle, Hudson’s brown litNafter trauma, 
Fleischer’s ring in conical cornea, and Weg 
ring of hepato-lenticular degeneri crystal deposits, 
minute deposits on the Dostert surface, wounds and 
foreign bodies, even those such Q glass, which are other- 
wise seen only with diffic , are seen, localised, and 
differentiated. O 

By retro-illuminatio raian and endothelial bedewing 
and œdematous TA are made clear, and may be 
interpreted in relatiofi to various corneal and iritic lesions. 
Bulle and vac and fine vascularisation of the cornea, in 
such detail show the circulation of the blood, including 
the indi corpuscles, are easily evident. In the zone of 
specular flection on the anterior surface of the cornea may 
> 
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be seen corpuscular elements, mucus, and cell debris, and 
also slight modifications of the surface, such as are due to 
the cedema of glaucoma. On its posterior surface the out- 


@ 
RL 
Fic. GE & SR flare. 

A. The normal appearance of Se queous with the point beam of 
the slit-lamp. The ligh ming from the right. We note: 
the corneal cone, the daManterior chamber, the lens, and the 
vitreous flare. 

B. The same examina hen the aqueous flare is pathologically 
intensified. 

C. The same, DAYS strating the presence of particles in the 


aqueous 
= ) (Harrison Butler, Brit. Med. Journ., 1924.) 


marked near the limbus, with the earliest changes 
occur in these cells in pathological conditions—endo- 


lines 33 N ee endothelial cells can be made out, 
ly 
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thelial bedewing and the various types of microscopical 
precipitates. 


The Aqueous.—The aqueous is almost optically empty, 
but if the beam of light is narrowed down and at the same 


Ze 
Fro 19.—Diagram showing the structure of the irig e retinal 
layer appears at the edge of the pupil, when&it forms the 
pigment border. The mesodermic layer LN arable into a 
deep layer running from the root of the i the pupil and a 
superficial, the axial limit of which CH he lesser circle of 
the iris. SM. Superficial Ge Sie gd layer. DM. Deep 


mesodermic later. PR. SE 


tinal layer. The crypts 
of the iris, situated in the ciliar rtion, may be considered 


as openings distributed in Le mesodermic layer 
(anterior). P. Pigment r. C. Lesser circle of iris. 
R. Root of iris. (Fro , Goulden and Harris’s Trans., 
1925.) N 
time intensified prodig the lamp, or, better, if a 
spot-light be used presence of colloid particles gives it 
sufficient reluc to be characteristic (the ‘ aqueous 
flare,” or “ nding beam ”) (Fig. 18). The presence of 
an exce Site protein constituents, or of extraneous 
substa RN blood cells, amorphous cellular debris, coagula 
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and exudative masses, pigment granules, floating crystals, 
and others—appear as a finely illuminated dust, and are 
rendered early apparent by a uniform cloudiness, deepening 
later into a definite turbidity. The motility of such particles 
has demonstrated clearly the convection currents in the 
anterior chamber, while the importance of their detection 
can be readily appreciated when it is remembered that 
such may be the only evidence of recent trauma or of early 
inflammation or sympathetic disturbance in the uveal tract, 
at a stage when it may be relatively easy to abort an 
attack or anticipate a relapse of iritis or cyclitis. 


The Iris—The delicate structure of the iris is fully 
revealed by the slit-lamp, along with the embryonic 
remnants so frequently associated with it. The extra- 
ordinary mobility and animated movement of this structure 
in a state of health is very striking. It is recognised to be 
made up of a deep pigmented (retinal) layer, seen at the 
pupillary border, and of two mesodermic layers, of which 
the deeper extends to the pupillary margin, while the 


‘more superficial ends at about two-thirdg\o the distance 


to this point in the lesser circle o e iris (Fig. 19). 
This forms an irregular circle to 1, in about 40 per 
cent. of normal eyes, is attached more or less extensive 


remnants of a persistent BON membrane. By means 
of the slit-lamp pathologga™thanges whose full clinical 
significance had not been@y lised have been made clear— 
hyperemia, traces of igfammatory disturbance and minute 
relics of old inflar ion, anomalies of pigment distri- 
bution and mig , and depigmentation in its various 
aspects, geg general or localised pupillary rigidity. 
The effects rauma can be accurately assessed—ecchy- 
moses, gf and ruptures and partial ruptures, and de- 
tach of the superficial layer. Tumours and cysts, 


+ 


m rmic and ectodermie nodules can be easily defined 


> elimited and their progress recorded. The presence of 
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exudative nodular deposits upon the margin and, less 
commonly, upon the surface of the iris forms an interesting 
characteristic of a severe cyclitis, often of a tuberculous or 
sympathetic nature, or of an exudative choroiditis (Frieden- 
wald). These deposits resemble keratic precipitates in 
appearance; the absence of vascularity and their ephemeral 
nature support the comparison, for they are frequently seen 
to become absorbed and disappear, sometimes to reappear 
in a neighbouring situation. 


The Lens.—The anterior structures of the eye are com- 
paratively easily accessible to the older methods of examina- 
tion ; it is in our knowledge of the normal and pathological 
anatomy of the lens, with its complex system of laminations, 
that the slit-lamp has introduced the greatest changes 
(Fig. 20). The lens is formed, layer upon layer, from the 
centre outwards. Early embryonic tissue is uniformly 
homogeneous, and therefore comparatively optically empty. 
The central area of the lens, which is formed in the ex\bryo 
from the first to the third month (Mann, 1925), Ge 
quently the least optical density and appes ët ker in 
the beam of light than the other subsequ developed 
parts. For this reason it has been know he “ central 
dark interval”; a more correct term vent the embryonic 
nucleus. This question has already raised in dealing 
with the embryology of this tissue e p. 64). 


The whole of the terminology it-lamp appearances is full 
of ambiguities; it is in Ex thoritative standardisation. 
No better example of this than in the lens nuclei. The 
original terminology of MN wee central dark interval, inner 
and outer embryonic nu€leig Adult nucleus, and then cortex. This 
was modified, and has %een adapted in English by Goulden 
(1925) from Koby; stituting the word fetal for embryonic. 
Harrison Butler ( introduced the term infantile for the outer 
embryonic ASS of Vogt, but later (1927) discarded it, and 
Speaks of Ge: tral interval, the embryonie nucleus, and the 
fetal REN one of these are accurate. The central dark 
interval igYormed during months one to three; it is therefore 
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embryonic. Its clear appearance in the beam of the slit-lamp 
merely indicates its embryonic origin, and does not detract from 
the fact that it is a nucleus ; in fact, it demonstrates it to be the 
original one. The second nuclear layer is formed from the third 
to the eighth month (Mann); it is therefore foetal in time. The 
next layer is laid down during the last weeks of foetal life, and 
continues to be formed up to puberty ; it is therefore almost 
entirely infantile in time. The next layer is formed after puberty 
in adult life. It is unfortunate that Vogt’s term Alterskern was 
translated in his “ Atlas” as senile ; the adult nucleus has no con- 
nection with senility. The introduction of the terms inner and 
outer merely introduces terminological confusion ; and it would 
seem that the most logically correct and neatest terminology 
would be: embryonic, fetal, infantile, and adult nucleus. I have 
therefore adopted it throughout this book. The term cortex is 
not to be confused with the “ cortex ” associated with operations. 
I have used the term followed by Butler, subcapsular line, as 
having a more definitely localising connotation than the line 
of disjunction employed by Goulden, the reduplication line of 
Graves, or the cleavage line of Vogt. The latter three might mean 
many things; the first can only mean one thing, and is in itself 
a definition. I have adopted the term retro-illumination of 
Graves, since it expresses the meaning more clearly, and with 
less possibility of confusion with other methods of diagnosis than 
transillumination ; and also his very apt relucency. The ybeam 


of the slit-lamp is prismatic, and the term parallelgptpredon 
usually employed to describe the corneal section, ap om its 
esthetic disadvantages, is mathematically wrong. section 


is more correctly a truncated prism. 

Immediately outside the embryonic nucle Qhteriorly and 
posteriorly, are the two ‘kidney-shap ts of the fetal 
nucleus, on whose surfaces are seen fw&stitures, an anterior 
erect Y and a posterior inverted Y.AQMt birth these are seen 
almost immediately underneath,th capsule, since at this 
time the infantile nucleus is li eveloped, and there is no 
trace at all of the outer ys ig. 21). Surrounding the 
infantile nucleus is the lt nucleus, with its system of 
Sutures, which make ifs appearance about the time of 
puberty. Betweengthis and the capsule lies the cortex, 
which increases Qhwgressively with age and is bounded 
by two bri NN nds anteriorly and posteriorly, the sub- 
capsular lt Outside this is a narrow, dark, optically 
empty ay surrounded by the capsule, which in the beam 
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of the slit-lamp appears as the surface of maximum bright- 
wl ness in the lens—the anterior and posterior bands. 

These bands of discontinuity vary both in average and 
relative intensity in different individuals, and in the 
same individual with age. As a general rule they become 
Il accentuated as age increases; but nearly always in the 


DIVERGENCE 
AND PERIPHERAL 

EINEN THICKENING 

`N ` Ze OF THE ZONES OF 
DISCONTINUITY 


\ 
\ 
$ 
t Se 
1 


/ 
/ 


ant 
o Lieut 
Jat eT KE S 

Liest, 

EE. 
ER © 
A nf WucLEUS 


% Q 
CR 


Fro, 22.—Diagram repres@oJing a sagittal section of the lens with 
the principal surfepes of discontinuity marking off an adult 
nucleus, and ing erior a foetal nucleus. C, C’, C” represent 
the various s of curvature of the surfaces. (From 
Koby, G and Harris’s Trans., 1925.) 


adult the Cre and posterior bands of the lens, of the 
adult eus, and of the infantile nucleus are evident. 
The ers are not strictly concentric, since the further 
S nds are from the central interval the more their 
ature diminishes (Fig. 22). In this way the lens becomes 

~\ continually flatter with age, a phenomenon which is com- 
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pensated in the dioptric system by the progressive increase 
in the index of refraction of the nucleus. When this increase 
in refractive index does not keep pace with the flattening of 
the surface in old age, the eye becomes hypermetropic ; 
when the nucleus becomes excessively sclerosed, as in early 
cataract, the eye becomes myopic. The occurrence in the 
lens of these developmental layers is a matter of the greatest 
interest. In all probability the complexity of its architecture, 
with its layers of graduated curvatures and zones of vary- 
ing refractivities, is especially designed to counteract and 
neutralise the effects of spherical and chromatic aberration. 
Its general configuration seems to have a phylogenetic 
rather than an ontogenetic significance. The study of these 
layers has thrown much new light upon the morphology of 
the physiological changes and growth of this tissue, and, 
moreover, it allows an accurate topographical localisation 
to be made and an ontological history to be reconstructed 
of pathological opacities occurring in it. 

In the beam of light a multitude of clinical manifestations 
of opacities are revealed, many of them possible EN rva- 


tion by no other method, most of them hitherto o aguely 
recognised and imperfectly appreciated : the lous types 
of congenital cataract and the normal cha n the ageing 


lens, of nuclear sclerosis and cortical c N In reflected 
light the zone of specular Ee OO es visible as a 
characteristic shagreen, a normal RRgomenon, due to slight 
irregularities in the capsule, the_s ce epithelium, and the 
superficial layers of the cor This disappears as the 
opacification and vacuol cataract approach the sur- 
face; and in pathologj conditions the light is decom- 
posed, and the norm green, particularly at the posterior 
pole, gives way to~@ polychromatic iridescent lustre, whose 
significance will ıoted in a later chapter. In the lens 
substance th ll differences in refractive index between 
the zones Scontinuity make the reflected light small in 
quantit sually, however, at the surface of the adult 
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nucleus, and sometimes at that of the infantile nucleus, 
irregularities are definitely evident in relief. The relief of 
the adult nucleus appears as an arrangement of ridges and 
banks and knobs in relation to the sutures and fibres, 
which increases with advancing age (Fig. 23) ; while vacuole 
formation and other pathological changes directly under 


Fic. 23.—Relief of the adult $, anterior aspect. 
(Harrison Butler, “ Illustrag uide to Slit-lamp,” 
Ox. Med. Pub., 1927. 


the nuclear surface show Re rounded, sharply-circumscribed 


‘mounds. 


Embryonic Remn RI Remnants of the pupillary mem- 
brane can be a KA, diagnosed from exudative pseudo- 
membranes. NER if they retain any connection with 
the iris, ard coffiected with the lesser circle, not with the free 
border, re the latter. Those associated with the anterior 
ee vee the form of complicated and delicately designed 

and arcades, or appear as filamentary remains, 

N isolated or amorphous stellate pigmented deposits. 


Ka remains of the posterior vascular Jens capsule are 
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rarer, but the relic of the hyaloid artery, affixed to the 
posterior lens capsule about 2 mm. to the nasal side of 
the posterior pole, and running back corkscrew-like into 
the vitreous, is seen so invariably that it may be con- 
sidered normal. 


The Vitreous.—A few years ago the structure of the 
vitreous was virtually unknown. So delicate that it had 
eluded the methods of histological technique, it has been 
adequately revealed for the first time by the slit-lamp. 
The vitreous gel appears dark, and almost optically empty. 
It is supported by a fibrous network of extremely poly- 
morphous nature, appearing as a criss-crossing texture of 
fibres, hanging like a delicate gossamer curtain full of folds 
and pleats, moving slightly in a characteristic manner with 
the movements of the eye (see Fig. 24). Herniz of the 
vitreous after a wound, cataract extraction, or following 
needling are accurately made out; pathological modifica- 
tions and deformations of its structure are marked by the 
absorption of some fibres and the hypertrophy See 
ing together of others into skeins and Lou ense 
wavy bands; fine opacities are seen as a d oud, fila- 
mentary or pseudo-membranous, pigmente@‘Yr white like 
snowflakes ; deposits of glistening crys$ð®s ; blood and 
lymphocytes ; and grosser areas of o sation. The pre- 
sence of such abnormalities may the earliest sign of a 
commencing inflammation or thAglue to a past one, and 


their appearance and nature i Sen an index of the severity 
of the disturbance. 


The Retro-lental Sp SOF chind the lens a relatively 
clear area marks th -lental space, which is frequently 
encroached upon e anterior part of the framework of 
the vitreous. W degenerative or liquefactive changes 
occur in the er, this space is not seen, and its appear- 
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nification. The lower drawing shows 
us, a rapidly-moving, cloud-like mass, 
a®sed fibres, broken fibres, shreds, white and 
(Bedell, Trans. Ophthal. Soc. U.K., 


cells andgposits is a feature of considerable significance in 
the d ion of early uveal inflammation. 
(Nas stated at the commencement of this section that 
= useful clinical application of the slit-lamp is the 
SO | 


O 


Fro, 24.—The changes in Q ere uveitis. The upper drawings 
show extensive engethelial deposits on the cornea, under 
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detection of minutiz and their correlation into a chain of 
interrelated processes with a degree of certainty and precision 
impossible by any other method. We are now in a position 
to exemplify this in detail (Fig. 24). Take, as an example, 
an early cyclitis, or an incipient relapse in an established case. 
There may be evident changes in the corneal endothelium— 
delicate bedewing, the replacement of cells by a granular 
appearance showing crater formation, and the presence of 
minute deposits—slight opalescence and the early appearance 
of cells in the aqueous, small alterations in the appearance and 
mobility of the iris, cells, deposits, and disturbances in the 
retro-lental space and the vitreous ; while the well-developed 
polychromatic lustre of a complicated cataract may be 
evident before any abnormality is visible objectively by the 
ophthalmoscope or is experienced subjectively by the patient. 
By this means early treatment can be given when it is most 
effective, while its importance can be realised in the recog- 
nition of impending sympathetic disturbance or—what is 
equally important—in its confident exclusion. Vogt says, 
and with reason, that if the slit-lamp had no N value 
than in providing the opportunity of ee athetic 


ophthalmitis at an early date, it would just} s cost and 
the labour expended in mastering its reeled e 


Biomicroscopy with më ele Light 


The advantages of empkdG@hg the lower levels of the 
visible spectrum in the glj p are twofold: an increased 
differentiation of deta N facs from the use of short-waved 
light, a result 1.0) tensified in proportion as chromatic 
aberration is elininatéd by rendering the beam more nearly 
monochromati na the phenomena of fluorescence can 
be elicited, ei source of light the carbon or metallic are 
has bee usually employed, and various types of lamp 


have beer put forward embodying its use: those of Vogt, 
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Schnyder, Birkhaüser, and others. The appearances have 
been described in detail by Thiel (1925). This source gives 
a very high intensity of illumination, but its spectrum 
contains a large proportion of infra-red and the longer rays 
of the spectrum, which have a considerable heating effect. 
These, as will be seen later, are peculiarly dangerous to the 
lens, and if it is to be used safely much of the efficiency of 
the beam must be sacrificed in filtering them off, in addition 
to the abiotically active ultra-violet rays. 

The spectrum of the mercury vapour lamp, however, ends 
at the upper limit of 5,790 A.U. in the orange. In it the 
infra-red does not appear, and at the working distance 
the heat effect may be considered negligible. In order to 
obtain a red-free picture, therefore, its light can be used in 
its full intensity without any filter, except a screen, such as 
a Crookes’ glass, to eliminate the abiotic ultra-violet. I 
employ a lamp (1927) designed after these lines, which can 
be adapted either for diagnostic or therapeutic purposes : 
the latter application will be dealt with in a subsequent 
chapter (Fig. 61). Using the Crookes’ er, a ted-iree 
picture is obtained, with its high degre SE 
wherein normal or abnormal blood ves$els and the details 
of the circulation are especially acce ted, appearing black. 
By combining the Crookes’ wi Chance’s ultra-violet 
filter, whose upper limit is A.U., a practically pure 
band of deeply fluorescent I$ghtfs obtained. A higher degree 
of illumination can be atfaned by combining the Crookes’ 
with a Uviol filter, w Ba band from 3,650 to 4,300 A.U. is 
employed; and N“ luorescent effect may be further 
intensified by gi NY he patient 2 grms. of sodium fluorescine 
by the mouar fa an hour before the examination. 


The flugrös@ent appearance, as seen when the entire 


+ . H . 
mercuryNy@pour spectrum is used, is shown in Plate II. 
The ober the lids fluoresces, and the effect is modified or 


d by slight lesions which are almost imperceptible 


véi ordinary light. The cornea appears as dark indigo- 


PLATE II. 
BIOMICROSCOPY WITH ULTRA-VIOLET LIGHT, 


Frc. 1. The eye seen in the broad beam of the ultra-violet slit-lamp, with 
the full spectrum of the mercury lamp above 3,650 A.U. 


Fic. 2.—A complicated posterior cortical cataract after ti\perculous irido- 
cyclitis seen in diffuse illumination with the ctrum of the 
mercury vapour slit-lamp above 3,650 A.U. O anterior capsule 


are the remains of broken-down synechie. 
Ker: Hamblin.) 
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violet with a faint fluorescent glow ; marked fluorescence is 
pathological, and opacities and folds in Descemet’s membrane 
appear black. The normal aqueous does not fluoresce, but 
after the exhibition of sodium fluorescine in cases of inflam- 
mation, when the permeability of the capillaries is altered, 
the effect is evident. This provides a delicate index of 
capillary dilatation. According to Thiel (1925) a similar 
effect occurs in glaucoma, and he suggests it as a means of 
diagnosing incipient or suspected cases of this disease, which 
may be especially useful in forming an opinion as to the 
involvement of the fellow eye in cases of evident unilateral 
disease. The lens fluoresces markedly, and since the degree 
and colour of the fluorescence varies with the absorptive 
capacity, the appearance of the various optical layers offers 
a contrast. The fluorescence tends to blur details, but 
shagreen is well seen, and inflammatory deposits, opacities 
and vacuoles, and fluid lacunz appear sharply defined as 
black or blue against the pale yellow-green or lavender-grey 
of the fluorescent light. A lens dislocated into the apterior 
chamber or into the vitreous is easily evident, th at of 
damage after trauma or needling is indicated, a N state 
and extent of the remains of the lenticular g ance after 
extraction can be discerned. The fluoresce at can, more- 
over, be appreciated through a cornea aan that for 
practical purposes it may be cons impermeable to 
ordinary light, and some idea of Bic state of the lens can 
thus be deduced. 5 


Ki 
Cholesterol erystals are esp Oss obvious in ultra-violet light. 
According to Koeppe (19 Co occur frequently in the lens, 
sometimes physiological ommonly in senile cataract, and 
constantly in complic raumatic, secondary, or hypermature 
cataract. Koeppe h&s/never seen cholesterol in the living 
vitreous, normal o normal; he holds that it is purely a post- 
mortem occurrepe&-and that the bodies which give the effect 
of synchisis ilans are amorphous, probably palmitin, 
stearin, ar rinin, comparable with the soap-bodies described 
by Verb The green, glistening, and actively fluorescent 
En cholesterol are frequently seen in the retina after 
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hemorrhages, retinal detachments, and papilledema, but never 
in cases of optic neuritis. 


Biomicroscopy with Polarised Light 


The limitation in practicable magnification from which 
the ordinary slit-lamp suffers can to some extent be overcome 
by the utilisation of the phenomena of polarised light. By 
the adjustment of an analyser and a polariser, and the use 
of a thin mica plate, Koeppe (1921) has succeeded in demon- 
strating the intra-lamellar system of the cornea. The inter- 
fascicular cement lines are thus made visible, and the 
individual corneal fibres are appreciated as separate tissue 
elements lying between them. Bowman’s and Descemet’s 
membranes can be actually demonstrated by their polarisa- 
tion colours, and fine scars, seen only with difficulty with the 
ordinary slit-lamp, are vividly displayed in the comple- 
mentary colour to the cornea ; for example, in the blue-white 
cornea they appear as green or red-yellow. Similarly in the 
lens, single fibres can be differentiated, and e gives 
rise to the same phenomena as do the stxiXtureless mem- 
branes of the cornea. By the same @hod Koeppe has 
satisfied himself as to the non-exist of a homogeneous 
membrane on the anterior surface he vitreous, which is 
almost certainly delimited by gy forces at the interface 
between it and the SECH, 


O 


Biomicros@®y and Spectro-Analysis 


Koeppe (1922) N introduced a technique for determining 
the histo-cherfic@¥ condition of the tissues in as far as this 
yields x to=Spectro-analysis. By fitting a spectroscope 
into o r tube of the microscope of the slit-lamp, the 
SE hæmoglobin can be derived from the conjunctiva 
in a\shdition of hyperemia, and that of hamosiderin in 


se? N, jaundice.. Fischer (1924), in this way, has detected 


O 
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traces of blood in the anterior chamber. The applications of 
the technique are interesting, but obviously limited. 


References 


THE SLIT-LAMP 


The literature on the slit-lamp is already very extensive. 
The classical and original papers by Vogt are found in the Arch. 
f. Ophthal. of the last ten years. The “Atlas” of the same 
authority (translated by R. von der Heydt; Berlin: J. Springer, 
1921) remains unsurpassed as an illustrated guide to the clinical 
appearances. Other points of view are found in L. Koeppe’s 
papers, also in the Arch. f. Ophthal. of the same period ; and these 
are largely summarised in his “ Die Mikroskopie des lebenden 
Auges ” (Berlin: J. Springer; Bd. I., 1920; Bd. ik, 1922). 
Also in “ Die Bedeutung des Gitterstruktur in den lebenden 
Augenmedien f. die Theorie der subjectiven Farbenerschein- 
ungen ” (Berne: ŒE. Bircher, 1922) and “Diathermie u. 
Lichtbehandlung des Auges ” (Leipzig: J. C. Vogel, 1919). 

A clear account of the technique used and of its clinical applica- 
tions is found in Goulden and Harris’s translation of Koby’s 
“ Microscopie de Œil vivant””—“ Slit-Jamp Microscopy of the 
Living Eye” (London: Churchill, 1925). This is well supple- 
mented by “An Illustrated Guide to the Slit-lamp, by T. 
Harrison Butler (Ox. Med. Pubs., 1927). The two bogkgare not 
by any means mutually exclusive. Ai 

The original literature up to 1919 is found in VZP “Atlas”; 
up to 1924 in Goulden and Harris’s book. 

The references referring to Graves, Mann, others in this 
chapter will be found in the Trans. Ophthal . U.K., 1923-25. 


BIOMICROSCOPY WITH SECH ET LIGHT 
1 


KoEPPE, L. “Die ultra- u. polarifatidfismikroskopische Erfor- 

schung des lebenden Auges a r Gullstrandschen Spalte- 
lampe.” Berne: E. Birch E 

THIEL, R. Zeitschr. f. Augen ., 58, 86, 1925. 

DUKE-ELDER, W.S. Brit. hthal., 11, 67, 1927. 


RISED LIGHT AND SPECTRO-ANALYSIS 


KoEpPpe, L. "Die - u. polarizationsmikroskopische Erfor- 
schung des leb@aden Auges an der Gullstrandschen Spalte- 
lampe.” B, : E. Bircher, 1921. 

FISCHER, F. 20) rch. f. Ophthal., 114, 113, 1924. 


IL 
© 
S 


BIOMICROSCOPY WITH P 


Ki 
ww 


AO) 


110 FUNDUS EXAMINATION 


2. FUNDUS EXAMINATION 


The posterior limit of exploration by the slit-lamp, based 
on the Gullstrand principle, is the anterior part of the 
vitreous. An attempt was made to overcome this by 


rn 


Boi and the method of its application. 


Fic. 25.—The Koeppe c 


(Bedell, Tray Ophthal Soc. U.K., 1925.) 


Koeppe (1922 A employed a special microscope and 
projection Sa and eliminated corneal deflection by 
means of a @ptact glass. This last (Fig. 25) has a flattened 
anterior Dice, and when it is inserted beneath the lids, 
the s between it and the cornea is filled with saline. By 
thiS Sans the examination of the fundus under high 
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magnification by focal light is rendered possible (Fig. 26) ; 
but, inasmuch as the apparatus is cumbersome and costly, 


Fic. 26.—Principle of the examination of the fundus with 
the Koeppe contact glass and the modified slit-lamp. 


patient o means small, the method is not suited for 


ae plication. 
Be 
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| 

| 

| Particularly is this so in consideration of the improve- 
| ‘ments introduced during recent years in the efficiency of 
the self-illuminating ophthalmoscope. Of these a recent 
efficient type is the binocular ophthalmoscope of Gullstrand 
(Fig. 27). In this instrument the light from a linear intra | 
| filament, after passing through a condensing system, is | 
| reflected by a plate glass through one half of the dilated 
pupil. Through the unilluminated half of the pupil the 
fundus is viewed by means of a binocular telescope. Since 
| the unilluminated portion of the pupil is utilised, all corneal 
reflexes are eliminated. Owing to the telescopic arrange- 
| ment, refractive errors introduce no disturbing variations, 
| so that the fundus of high myopia can be viewed with 
| 

| 


perfect ease, and a stereoscopic view is obtained whose 
peculiar advantage is the accurate appreciation of different 
/ levels in the fundus when tumours, exudations and hemor- 
| rhages, and swellings of the disc are present. By replacing 
the usual binocular telescope by a monocular eyepiece and 
a periscope, two observers may view the same fundus at 


the same time—the ideal for a teaching clipsQ Magnifica- 
tions of from 10 to 40 diameters are avgi e; that is, up 
to the limit imposed by the possibilitie xation. 


xO 


Ophthalmoscopy with ea Spectral Light 


Rede Light 


More than twenty y; ago Mayou called attention to 
the very striking ch of colour seen in the fundus when 
examined by the Gëft vapour lamp, but it is only within 


the last ae the potentialities of the method have 
been fully worked out. This has been due largely to the 
extended 3 arches of Vogt. 

The a is practically transparent to ordinary light, 
an refore, in these circumstances it is almost invisible, 
a,consideration which applies most especially to its thinnest 
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region, the macula. The shorter waves of the spectrum, 
however, do not possess the penetrating power of the longer 
red ones, and consequently, when they are used alone with 
the red rays excluded, the retina, instead of allowing them 
to pass through to the choroid, absorbs some but reflects 
the greater part. In this way, instead of being transparent, 
the retina—including the attenuated macular region— 
becomes opaque and is rendered visible. The choroid under- 
neath is consequently not seen, and pathological processes 
in the two can thus be differentiated. Moreover, with 
short-waved light, minutiz of detail are rendered more 
evident, and since the light becomes more nearly mono- 
chromatic, the disturbing effects of chromatic aberration 
are to some extent eliminated. The introduction of sharp 
contrasts also aids differentiation. Hemoglobin trans- 
mits spectral red and, to a lesser extent, spectral green, 
while it absorbs yellow and the whole of the blue-violet 
end of the spectrum. Blood, therefore, appears dark, and 
the vessels are very sharply outlined against a_ bright 


background. 
As a source of light for red-free EH the 
1 


majority of investigators have made use of = arcs of 
various patterns, whose light is filtered teNNiminate the 
longer red and orange rays and the sh WY abiotic ones. 
For this purpose Vogt originally eı d a layer of a 
30 per cent. solution of copper sulfate; which cuts off the 
infra-red, in combination with aQ per cent. solution of 
eriovirdin, which cuts off the yi@yle red and orange. These 
solutions have now been larg placed by screens of treated 
glass or celluloid, the mo cient of which are the glasses 
prepared by Zeiss @eath of London, or the Kodak- 
Wratten celluloid files. These screens, however, have the 
common disady’ ge that, in proportion to their effi- 
ciency as filter Q of them lower to a greater or less degree 
the total AN ey of illumination. The most rational 
source o Whination is that originally used by Mayou, for 
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the spectrum of the mercury vapour lamp ends at the upper 
limit of 5,790 A.U. in the orange. Moreover, it is extremely 
rich in the short blue waves, which are the most efficient in 
accentuating detail and rendering the retina visible to the 
exclusion of the choroid. No filters at all are required 
except a simple Crookes’ glass, which, cutting off the 
rays below 3,650 A.U., prevents the occurrence of any 
abiotic reaction or subsequent photophthalmic distress, 
and thus, without loss of intensity, a completely red-free 
picture is obtained. I find a mercury vapour lamp, 
enclosed in an aluminium casing provided with a window 
fitted with a Crookes’ glass, mounted as in Fig. 58, 
admirably suited for such examinations with the ordinary 
ophthalmoscope. 

The appearances seen vary with the nature of the light 
employed and the filters used. In this connection the term 
“ red-free ” is sometimes used with the greatest of freedom. 
The usual filtered carbon arc light is strongest in the yellow- 
green, and with it the fundus appears green in colour. The 
appearance in the light of the mercury vapeyr lamp, which 
is completely red-free and rich in the s bfue and violet, 
is a dull blue-grey, as is represented a late MI, Fig. 1. 
The disc is bright and shining, an blood vessels black ; 
the arteries present a broad brilliant reflex streak 
down their centre, while hefhoyMages, even the minutest, 
are clearly accentuated Su lack, and exudations are 
white. 


Clinical rN he greatest diagnostic use of the 


method is in the of the structure of the retina itself. 


teristic arrangement, particularly that of 
*ta-papillary bundle, is readily followed. In 
trophy these may disappear altogether, and give 
uniformly mottled or marbled appearance before 


and their 


The nerve co seen distinctly as white lines (Plate III), 


PLATE III. 


Frc. 1.—The normal fundus seen with the whole spectrum of the mer- 


cury vapour lamp above 3,650 A.U. The radiating white lines 
are nerve fibres. (Duke-Elder: Hamblin:) 


:. 2.—The normal fundus seen with yellow-greendiht. The fine 
black lines are capillaries. (After Frieden, mer. Journ. 


Ophthal., 1925 : Hamblin.) Gi 
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and in retro-bulbar atrophy the papillo-macular bundle is 
absent, while the remaining fibres are undisturbed. In 
acute inflammation the fibres appear more distinet and 
pronounced, and are separated or may become obscured by 
cedema. The examination of the macula is especially 
instructive. It is always clearly differentiated, and shows in 
the normal eye a point reflex at the fovea, and usually a 
double halo reflex round about it; the absence of these 
denotes a pathological condition. Rosette-shaped folds of 
the internal limiting membrane, described by Vogt, radiate 
out from this region in acute retinitis, optic neuritis, retinal 
detachment, and in acute affections of the anterior segment 
such as herpetic keratitis and iridocyclitis, or in retro-bulbar 
abscess or contusions. 

By means of this method many points of differential 
diagnosis are made clear. A papilloedema is differentiated 
from an optic neuritis by the swollen black capillaries and 
traces of white exudate on the disc in the latter, and by the 
wide separation of the fibres near the disc, the concentric 
folds around the disc, and the absence of exudate in the 


former. Atrophy of the retina is characterised i erearly 
stages by the disappearance of the nerve fi and the 
appearance of a marbled mottling ; oedema b separation 


of the nerve fibres and the loss or dimin of the foveal 
reflex or the reversal of its Get Zéi atrophy 
is distinguished from primary by x ection of exudates 
on the disc so small as to be easilgp ssed over in ordinary 
light. Retinal hemorrhages accurately localised, and 
disturbances of this tissue dëi diagnosed from those 
of the choroid ; the e igment, for example, is quite 
distinct, while the cherQJal is much less so, or altogether 
invisible. In additio oe up by the short-waved light 
against the glisteü®® background of the retina, fine opacities 
in the media St delimited : fine endothelial deposits 
on the cor particles in the aqueous, minute opacities in 
the lens, Ka Ne dust. 


8—2 


TA 
S 
BRO) 


116 FUNDUS EXAMINATION 


Yellow-Green Light 


For the examination of the neural structures of the retina 
the short blue-violet rays are the most effective ; the blood 
vessels are most clearly differentiated by yellow-green light. 
The effect is one of contrast. We have seen that hemoglobin 
transmits spectral red and, to a lesser degree, spectral 
green, while it absorbs yellow, blue, and violet. The retinal 
pigment epithelium, on the other hand, reflects most 
strikingly the yellow and green. Hence the maximum 
definition and contrast is obtained by yellow light, and 
details are accentuated still further by limiting the spectral 
range as much as possible ; to increase the intensity it is 
well to admit some green which has little disturbing effect. 
By thus minimising the effect of chromatic aberration, and 
choosing light of the proper wave-length, the retinal capillaries 
are seen by the ordinary ophthalmoseope. Friedenwald 
(1924-25) has made use of these principles, filtering the light 
of an are lamp through a green aniline dye, naphthol-f. 
On a bright yellow-green fundus (Plate ITI, e Aa 2) the blood 
vessels appear as black, and areas whicl dinary light 
appear free from vessels, show u fine dark lines, 
some of them connected with the ries, some of them 
with the veins. Friedenwald 4 erified their capillary 
nature by Indian ink injecti d microscopic examina- 
tion. He concludes that the On ies of the retina form 
two separately distinguish nets: a superficial one in the 
nerve fibre layer, com@@ped of capillaries running parallel 
to the nerve fibres connecting bridges between them, 
and a deeper at ore irregular one in the inner nuclear 
layer, comn Qing sparsely with the first, and sending 
loops upwarðs/towards the ganglion cells and downwards 
among th€@Quclei of the rods and cones. 

tological Structure of the Retina.—A note may be 

RS here, perhaps not illogically, on the recent work of 

Fohn 


(1925) on the histological appearances of the retina by 
N echromatie light. The most significant result he claims from 
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the study of monochromatic photographs of fresh sections is 
the identification of a “ new ” layer in the retina, consisting of 
a single row of regularly arranged, bell-like structures, lying 
between the external fibre layer and the internal nuclear layer. 
The dome of the bell lies towards the cones, and the mouth is 
closed by a plano-convex meniscus from the centre of which a 
fine fibre runs into the layer of internal granules. According to 
Fortin, this stratum of cell elements has escaped detection 
hitherto by the usual histological methods owing to the trans- 
parent delicacy of its structures, and he associates them with 
a long-known entoptoscopical appearance, “les Houppes de 
Hardinger.” From entoptic and stereoscopic phenomena he 
deduces -that a cone is too large to function as the ultimate 
element of the visual apparatus, and he attributes to this layer 
of cells a fundamental röle in the process of visual perception. 
He confirms the observation, insisted on by Rochon-Duvigneaud 
(1917), that the foveal cones in no way resemble those in the 
other regions of the retina, but appear as simple long fibres 
which are centred round the optical axis of the eye, where fixation 
is attained, not by a group of cones, but by a single cone element. 

Whatever the value of these interpretations, the observations 
of Fortin are not without interest, both in themselves and in 
the demonstration they provide that minute anatomy is by no 
means a completed science. It is interesting to speculate how 
far from the actual truth are the artificial pictures of the fixed 
and stained tissues of the histology we are accustomed\to, and 
how far our ideas would be revolutionised, especially Nivaling 
with structures of the delicacy and complexity v2 e retina, 
were we to evolve less mutilating methods of ınique and 
employ invisible light of wave-length so short & be partially 
opaque to unstained protoplasm, rendered e by a process 
of ultra-violet photography, or made ap mt by fluorescence, 
or rendered even more highly det ei ed by polarisation. 
Indeed, it would seem that, coulde,v nanipulate and adapt 
polarised X-rays, our observations ald be limited only by the 
atomic structure of the proteins inNWe cells. 
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hire EXAMINATION 


Koppes, L. "Die a- u. polarizationsmikroskopische Erfor- 
schung cee An Auges an der Gullstrandschen Spalte- 
lampe.” ey e: E. Bircher, 1921. 
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Von, Nes papers in Arch. f. Ophthal. of the last decade. 
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Yellow-green Light 


FRIEDENWALD, J. S. Amer. Jl. Ophthal., 7, 940, 1924; 8, 177, 
1925. 
Retinal Structure 


Fortin. Revista de la Soc. Argentina de Biologia, 1, 2, 1925. 
RoCHON-DUVIGNEAUD. Ann. d’Ocul., 154, 633, 1917. 


3. EXAMINATION OF THE ANGLE OF THE ANTERIOR 
CHAMBER 


Gonioscopy 


In addition to the fundus, the recesses of the angle of the 
anterior chamber, rendered normally invisible by the opacity 
of the scleral limbus, are not 
accessible by the technique of 
the slit-lamp. With the use 
of the contact glass (Fig. 25) 
the nasal part of this region 
can be seen with a + 20 lens in 
the electriag Qp thalmoscope. 
Also, wi LO aid, Salzmann 
(1915), (¥rantas (1919), and 
Ko (1919) have attempted 
CH xploration by the slit- 
K p; but the difficulties en- 
Cy» countered rendered the tech- 
nique impracticable for general 
adoption. More recently, 
Uribe Troncoso (1925) has 


OY 
. 28.—The prj : 2 
= devised an instrument, the 
gonioscope (Fig. 28), at once 


simple a sily manipulated, based on the principle of the 
perisc which, combined with the use of a contact glass, 
hagNdde detailed examination of this region possible up to 
N nitieation of 32 diameters. 


PLATE IV. 
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PLATE IV. 


APPEARANCES SEEN WITH THE GONIOSCOPE. 


The angle of the anterior chamber in the normal eye: a semi-schematic 
picture showing the correspondence of the different RS with 
those of a microscope section of the eye. I., Iris; Cil. b. ir., ciliary 
border of the iris; C.B., ciliary body; Sch. C., zone of the sclero- 
corneal trabeculum covering Schlemm’s canal; S., sclera ; Cor., cornea ; 
K, contact glass. 


Normal angle as seen in the whole field of the gonioscope. 


Normal ciliary processes after an iridectomy. The left border of the 
coloboma is adherent to the wound, and a thin membrane reaches down 
to the ciliary processes. 


The angle in early simple glaucoma. Commencing peripheral synechia. 
The border of the iris is sinuous and has entirely covered the ciliary 
body, but the zone of Schlemm is still visible in the depression. That 
this band is not produced by a receding synechia is proved by its sharp 

edge and the lack of pigment dots. Scleral zone normal. Xs) 


Acute glaucoma. Iris atrophic and discoloured. Anm 
synechie. No ciliary body visible. Scleral zone very 


N... ipheral 


ral synechia is 
but on the right 
‚dhesion. 


Subacute glaucoma. After eserine a partial Gy 
detected. On the left the ciliary body is unci XS I 


the iris border is attached to the sclera by ; 


Chronic glaucoma. Eserine treatment ha¢detethed the iris, leaving only 
a restricted peripheral synechia. Thefa\border is wavy, and outside 
it a yellow stripe with pigment marks T) impression of the iris root on 
the most advanced line of insertion) No ciliary body is visible, and the 
scleral zone is very narrow. 


(After Troncoso, Amer KO" Dphthal., 1925 : Hamblin.) 


co 


GONIOSCOPY 119 


The topography of the normal angle, as described by 
Troncoso, is seen in Plate IV., Figs 1 and 2). There suc- 
cessively come into view the pupillary zone of the iris, the 
iris surface, the eiliary body to which the root of the iris is 


attached and which appears as a narrow brownish-grey 


band lying on a deeper plane forming the actual angle, the 
zone of Schlemm made up of the fibres of the pectinate 
ligament, the white inner part of the scleral limbus, and the 
inner concave dome of the cornea. Where the iris is lacking, 
as after an iridectomy, the ciliary processes and the region 
beyond as far as the pars ciliaris retine are visible (Plate IV., 
Fig. 3). 

Clinical Applications.— Injuries, inflammatory processes, 
atrophies and pigmentary anomalies throughout this region 
can be minutely studied, gummata, tubercles, and neoplasms 
can be delimited, and the possibility of their removal by 
iridectomy or the necessity of excision can be determined. 
But the greatest clinical importance of the method lies in 
the elucidation of the condition of the angle of the anterior 
chamber in glaucoma. Normally the ciliary body iggeen as 
a dark line (Plate IV, Fig. 2), but in old ns the 
anterior chamber tends to become so shallow he ciliary 
line is rendered partly or totally invisible, 
detected when the pupil has been contra 
glaucoma the pressure of the swel itreous and lens 
behind the iris pushes it forwards in&heCiliary region, so that 
the zone of Schlemm, and even for of the scleral limbus, 
are hidden (Plate IV, Fig. Ay and a new false angle is 
formed. If no further coho take place, a strong miotic 


will pull the iris away adgnY and free the angle, but if peri- 
` pheral synechie hay, ed, this is only accomplished in 


part or not at al Figs. 4 and 6). These synechiz 
can be accura Gu and their extent, whether 
restricted ( V, Fig. 7), partial (Plate IV, Fig. 6), or 
total (Pl VE 5), can be determined. In the diagnosis 
of a cas incipient Bee or in the suspected partner of 
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an already diseased eye, the early detection of these changes 
is of the greatest importance ; while a decision as to treat- 
ment can be based upon an accurate knowledge of how far 
eserine will relieve the condition. The uselessness of a course 
of treatment by miotics may be demonstrated, and the danger 
of procrastination in attempting their use avoided, while in 
cases which do react, the progress under eserine can be 
controlled. Conversely, the safety of giving atropine in 
some doubtful cases can be estimated, while the state of the 
structures at the angle forms some guide as to which type of 
operation—trephining or irideetomy—may be indicated. 
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4. gt ae 

The DR amen 
The recent demonstratio the practicability of obtaining 
X-ray photographs of Wen apex of the orbit has added to 
our opportunities gf Diements in diagnosis in a region in 
which clinical si fe frequently obscure. Following the 
Arin o state of the canal of the inner ear in 
acoustic n umours by Stenvers, the method was ex- 
tended t Beete of the optic canal by de Kleijn and 


ER 917), and the technique has been modified by 
SNE a Goalwin (1926). The most important appli- 


AY n of = method is in the investigation of tumours of the 
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optic nerve and the retro-ocular extension of retinal gliomata 
(van der Hoeve, 1925). The spread of an orbital tumour up 
the nerve into the cranial cavity, or of a chiasmal tumour 
through the canal into the orbit, usually involves a thickening 
of the nerve which may result in an enlargement of the 
foramen detectable radiographically. The walls of the canal 
remain intact as long as the neoplasm is surrounded by the 
nerve sheath, but as soon as the tumour breaks these bounds 
erosion of the bone is liable to occur. From a large number 
of observations White concludes that the average size of 
the foramen in radiographs is 5-35 mm., with variations from 
8-5 to 6-5; while Goalwin estimates it as 4-26 to 4-5 mm. 
The original observations of Byers and Hudson established 
the fact that the endotheliomas and gliomas met with in 
this region are relatively non-malignant, but recent studies 
by Dandy (1922) and Martin and Cushing (1923) have 
suggested that extension upwards to the chiasma, and even 
to the opposite optic nerve, with involvement of the brain, 


intracranial 
each case the 
, with presumable 


optic foramen in three, although no evide 
involvement could be obtained clinically, 
neoplasm extended to the apex of th Q 
extension along the nerve into the Oli canal. While an 
absolute enlargement of the foran is, therefore, substantial 
evidence of extension, the al@ynce of change can only be 
accepted in the light of neg D evidence, but its progressive 
enlargement or erosio be taken as pathognomonic. 
Further, if treatm QF such a tumour be attempted by 
X-rays, repeated ewhination of the foramen would serve 
as a control b ENT ich the treatment could be tried over a 
longer perio ime with a greater degree of safety. 

van N eve (1925) has extended the method to the 

id 


elucidatiOw*of the state of the optic nerve in multiple neuro- 
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fibromatosis (of v. Recklinghausen), and of the canal in cranial 
deformities, as oxycephaly. White (1923) has gone a step 
farther, and has suggested its employment in cases of 
retro-bulbar neuritis. In acute inflammations, with their 
accompanying swelling, the functional integrity of the nerve 
is presumably more liable to impairment in a narrow canal, 
and he is of the opinion that with a canal of 5 mm. diameter 
or over; little anxiety need be entertained for the eventual 
recovery of the nerve, but with a diameter less than 4 mm. 
more radical measures of treatment are justified in order to 
prevent the imminent risk of subsequent optic atrophy. 
Such a consideration, of course, leaves out all allowance for 
a normal variation in the thickness of the nerve itself, and 
much more extensive observations are required regarding the 
ultimate issue of such inflammations in different types of 
canal, as revealed by radiography, before any drastic treat- 
ment can legitimately be based upon its evidence. 


The Lacrimal Passages 


The first work on the radiograph Dre lacrimal 
passages was done by Ewing in 1909, wl Ch ployed bismuth 
paste as a means of delimiting the sty res. The technique 
was considerably improved by v ily (1920), who, after 
injecting bismuth, "a orium oxide in liquid 
paraffin. Campbell, Carter, @n®Doub (1922), Gallino (1924) 
and Bökstein (1925) have @yther modified the method, and 
by their observations @p large numbers of normal and 
pathological cases considerably amplified our know- 
ledge ofthe varia met with. Bollack (1924), however, by 
the use of lip as an opaque material instead of a paste, 
introduced advantages into the technique. When 
this con ently administered liquid is used, greater 
ER attained in photographing the recesses ; it is 
moye sily injected, causes less disturbance, and is more 
e removed. The picture must be taken at once, 
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the best exposure being from directly in front. van der 
Hoeve and Steenhuis (1925) have also exploited the method 
with good results. By the observation of the state of the 
passages, and the exact delimitation of the site and extent of 
any obstruction, valuable information can be obtained as to 
the best method of treatment to be employed, and an 
adequate control is provided to gauge the efficiency of any 
drainage operation into the nasal cavity or the progress of a 
course of repeated probing. 
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CHAPTER V 
GENERAL PHYSIOLOGY 


1. THE VASCULAR CIRCULATION 


The Physiological Blood Pressures 


WITHIN recent years a considerable amount of work has 
been done on the physiology of the intra-ocular circulation, 
and a large number of methods have been evolved to assess 
the value of the pressures in the blood vessels. The question 
is an important and fundamental one. From the physio- 
logical point of view, the mechanism of the formation and 
the absorption of the intra-ocular fluids depends primarily 
upon the magnitude of the vascular pressures, and upon their 
relation to the intra-ocular pressure, Deeg conception 
of their value must form the only logi basis of a rational 
understanding of the pathology of ny ocular diseases. 
The difficulty of the problem, WW the many disturbing 


elements which have been in ed in the various experi- 
mental procedures which hgve¥een employed from time to 
time, are reflected in the plete lack of agreement which 


characterises the az: practically all investigators. 


Ch Arterial Pressure 


The Sa ulse.—Most of the methods employed 
recently to, nvedsure the arterial pressure in the eye depend 
ising Phe intra-ocular pressure and observing at the 
e the behaviour of the arteries of the eye and 
Isations. As in all the arteries of the body, so in the 
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the entire length of the arterial system down to the capillaries 
with a progressively decreasing amplitude. It is sometimes 
noted with the ordinary ophthalmoscope, more especially 
when it is accentuated in pathological conditions ; but with 
sufficient magnification it is always seen, either in the 
capillaries entoptoscopically (Scheerer, 1924 ; Fortin, 1926), 
or extending down through the arteries to the veins, by the 
Gullstrand ophthalmoscope (Speyr, 1914; Kümmell, 1915). 

Indirect Methods of Estimation.—The pulsatory behaviour 
of the retinal arteries as seen ophthalmoscopically on the 
application of pressure to the globe has been studied by 
Bailliart (1917). He applied to the sclerotic a piston working 
against a standardised spring (‘‘ dynamometer ”), with 
which the tension of the eye was raised, and while doing so 
the points of commencement and cessation of pulsation in 
the retinal arteries were noted. A Schiøtz tonometer was 
then applied to the eye and the pressures as registered on 
the tonometer at these two points were taken respectively 
as the diastolic and systolic pressures in the branches of 


the retinal artery. ch 


The point at which pulsation is first noted, howe @y. cannot be 
legitimately interpreted as denoting any defingieNend-point in 
the cardiac cycle, but is merely an index of the r of the magni- 
fication of the instrument used to observe it e have seen that 
in the normal eye an arterial pulse is s present, although 
it may be very small; on raising the raocular pressure the 
pressure inside the artery becomes %radually equilibrated, and 
the excursion of the pulse becomes gressively larger until the 
diastolic pressure is reached. t this point the arteries are 
completely collapsed during ion of the cardiac cycle, and 
the pulsation is at a maxiı On increasing the pressure still 
further, the amplitude AS ulsation progressively diminishes, 


until, when the systgli essure is overcome, the blood flow 
ceases, pulsation stop d the artery collapses. 

Bailliart’s and YBvitot’s (1922) results in man averaged : 
diastolie/sys pressure, 25 to 30/50 to 70 mm. Hg. 


Other o rs, using the same method, agree to a con- 
ee tent, although large variations are found. Most 
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of these are higher—diastolic up to 55:1 (Baurmann, 1927) 
or 60 mm. Hg (Duverger and Barré, 1920), and systolic up 
to 100 (Duverger and Barré, 1920)—while Bailliart and 
Magitot (1921) obtained similar high figures in animals: 
up to 100 and 130 mm. Hg in the cat and dog. 

In this method, however, the eye acts as a natural 
sphygmomanometer, and when the vessels are compressed, 
the column of blood contained in them is partially or com- 
pletely immobilised. The pressure thus registered is, there- 
fore, not that in the vessels in the eye, but the lateral pressure 
at the most proximal arterial branching, that is, in the 
ophthalmic artery. Just in the same manner as a manometer 
in the carotid artery measures the lateral pressure in the 
arch of the aorta, and not that in the carotid itself, or a 
sphygmomanometer over the brachial artery registers the 
pressure in the subclavian, so the lateral pressure in the 
ophthalmic artery is measured through the central artery 
of the retina by observing the retinal pulse, or through the 
posterior ciliary arteries by measuring the volume pulse of 


the globe. 
N 


Apart from this, the method of Bailk involves several 
fallacies, in addition to incidental sources\o$ error depending on 
the construction of the dynamomet the amount of force 
used and the rate and manner of exening it, on the nature and 
condition of the eye and the gente nd on the limited value of 
the tonometer as a means of gecösding absolute pressures. The 
tension is not equal to the vive nor is it proportional to it 
in its variations. Especially Ns/this so in the conditions of high 
tension which the manip@%tions involve; and the tonometric 
error is further multiple by the deformation of the globe by 
the pressure upon iof/gwe instruments at the same time. More 
important, in the aan of the pressure the eye is rendered 
tense and harda Jis pushed back into the orbit, thus kinking 
the central atb i the retina and compressing the ophthalmic 
artery, part) occluding the flow of blood in both. Although 
the methg technique may have clinical value when its results 
are intex ed as figures with a comparative but no absolute 
Ce, it can give no indication of the actual pressure in 
ches of the retinal artery, nor of the relation between the 


signi 
th 
ch pressures in the eye and the intra-ocular pressure. 


H 
EN ENT 


ee. q 


ARTERIAL PRESSURE 127 


i 


iad Bac | | 18 
D K 
oh B 
d'US Ae EE 
— F] F ea 
GE apa 
AF 
8 A 
ZF | 


Fic. 29.—The blood pressure in the retinal 3e he animal’s 
head is securely clamped (A ) and into th rior chamber a 


and reservoir (D), to maintain. th cular pressure at a 


canula is (B) inserted, Sec? is anometer (C, C’) 
t 


constant level. Under Get Co ırough an ophthalmo- 
scope (E), the micro-pipette (F Be froue into the lumen of 
an artery ; the pipette is a On a collar (G) carried by 
the micro-manipulator (H also connected by tubing (K) 


susceptible of fine a The whole system is kept 
supplied with meth we ne a reservoir (O), and the 


pressure is variegeby Manipulating the syringe, the variations 
being registered\on he kymograph (P). (Duke-Elder, Journ. 
Physiol., 192 Ro) 


Bleidung ) elaborated a method based on the same 
TUN beige an air chamber fitted hermetically 
over Ss e and connected with a manometer as a means 


with a manometer (L) “Oy rin ( ), the piston of which is 
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of compression, while the circulation was observed oph- 
thalmoscopically through a window in front of the cornea. 
His results averaged : diastolic/systolic pressure, 64 to 75/96 
to 117 mm. Hg in man; but to this method and its results 
the same criticisms as we have considered in the previous 
case largely apply. 

The Direct Method of Measurement.—The only unequi- 
vocal method of measuring the actual pressure in the 
retinal arteries is by the insertion of a manometer into 
the lumen of the vessels themselves. This I was able to 
do (1926) in the cat by employing a micro-pipette, con- 
trolled by a specially designed micro-manipulator (Fig. 29), 
which provided accurate adjustment in every direction and 
allowed continuous control in any desired position. While 
the intra-ocular pressure was kept at the normal level by a 
second manometer inserted into the eye, the micro-pipette 
was introduced into a branch of the retinal artery under direct 
observation through an ophthalmoscope. The pipette was 
connected with a reservoir containing a solution of methylene 
blue, whose pressure could be varied by a singe and re- 
gistered on a manometer. The point at whi he methylene 
blue flowed into the artery with a @rentary stoppage 
periodically when a small amoun lood entered the 
pipette, was taken as the systo ressure. On lowering 
the pressure from this point, t and the blood fluctuated 
in the tube, and no continugu®flow took place until a point 
was reached at which neng steady flow of blood into 


the pipette occurred, yh a periodic stoppage at diastole, 
when a small spurt d e entered the vessel. The pressures 


recorded averag iastolic/systolic, 64/88-5 mm. Hg. 

In the sape @Vestigation the pressure in the ophthalmic 
artery was pega by introducing some minor improve- 
ments IECH classical technique wherein the eye is made 
use o a natural sphygmomanometer. The intra-ocular 

¿e was raised by a manometer connected to a syringe 
Yeservoir, and the oscillations of the pressure-pulse in 
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the retinal artery were studied ophthalmoscopically, and the 
excursions of the volume-pulse, as communicated to an 
air-bubble oscillating in a capillary tube in connection with 
the needle of the manometer, were observed simultaneously 
under a microscope. The point of greatest oscillation was 
taken as the diastolic pressure, that at which the oscillations 
ceased as the systolic pressure. In the cat they were 78 and 
115 mm. Hg respectively. 

The pressure in the anterior ciliary arteries has been 
measured by Seidel (1924) and Hiroishi (1924) by applying 
a small pressure chamber over them connected with a mano- 
meter. The pressures registered were: diastolic/systolic, 
35 to 45/65 to 75mm. Hg. Baurmann (1927), using the same 
technique, obtained higher values—53-7/80-1—which agree 
closely with those which I obtained. 

Incidentally, Seidel argued that this pressure must be higher 
than that obtaining in the uveal circulation and the retina. There 


is a large amount of evidence, however, both experimental and 
clinical, to show that the anterior ciliary arteries are of secondary 


by the posterior ciliary vessels. In fact, Serr (1926), usingSakidel’s 
own technique, has found that the pressure in these re 


importance, and that the uveal circulation is determined qargely 
be less than the intra-ocular pressure in one deh 


ies may 
of raised 
al capillary 


tension; they must, therefore, be less than the g 
pressure in the eye, and still less than that Qf CH main feeding 
arteries. 


The Venous Pr sho) 


The venous pressure in the eyes attracted even more 
attention of recent years than 1@ arterial. Here, again, the 
inadequacy of the various ch) of technique which have 
been adopted is seen in ON complete lack of agreement in 
the results which the Q produced. Thus one investigator 
estimates the ee as 35 mm. Hg above the 
intra-ocular Pres | while another considers it 10 mm. 
Hg below it, 

RNS Sr — Weiss (1920), experimenting on 
rabbits, N N (1923), experimenting on dogs, inserted 
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an end-on canula directly into a vortex vein and obtained a 
value for the venous pressure much higher than the intra- 
ocular pressure. The blockage of a vortex vein, however, 
by a manometer can be shown to produce a very con- 
siderable hypereemia, with which the collateral vessels are 
unable to cope; the readings thus obtained are therefore 
fallaciously high. 

A large number of experimenters have from time to time 
drawn conclusions as to the relative levels of the pressures 
in the eye and the veins from the fate of dyes injected into the 
eye. The method has been elaborated with great detail 
by Seidel (1922) and Hiroishi (1924). The appearance of 
the dye in the episcleral veins soon after its injection into the 
anterior chamber was taken to indicate that there was a 
fall in pressure between these two points. The introduction 
of a needle into the eye, however, and the injection thereinto 
of any material, completely aiters the pressure equilibrium, 
and renders the results so obtained useless as far as any 
conclusions regarding the normal physiological conditions 


are concerned. A 
With a technique analogous to that go 1e elaborated 


for the measurement of the pressure į 
Bailliart (1918) has made use of his 
the pressure of the retinal veins 
pressure. He concluded tha enous pressure was some- 
times above and sometinfgs Below the chamber pressure. 
He claimed that if there @s a spontaneous venous pulse in 
the retinal veins, the Kount of external pressure necessary 
to exert upon the in order to abolish it, was a measure 
of the height OKT venous pressure over the .intra-ocular ; 
while, if th s no spontaneous pulse, and one could be 
produced See the pressure which was necessary to 
induce IK o represented the height of the venous pressure 
over ntra-ocular. If, however, no pulse could be elicited 

N ssure, he assumed that the venous pressure was con- 
Sy below the intra-ocular. 


e retinal arteries, 
mometer to estimate 
ive to the intra-ocular 
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The Venous Pulse.—There are two factors entering into the 
mechanics of the venous pulse. The essential factor in its causa- 
tion appears to be the direct continuation of the expansile pulse 
from the arteries communicated centrifugally through the 
capillaries into the veins. This can be constantly seen in normal 
eyes, occurring post-systolically, under the magnification afforded 
by the Gullstrand ophthalmoscope (Kümmell, 1915), while its 
dependence on the arterial pulse, as well as its non-dependence 
on the activity of the right auricle as transmitted up the jugulars, 
has been demonstrated by the same observer (1925) in those cases 
of cardiac lesions where the contractions of the right auricle and 
the left ventricle have been dissociated. At the venous exits a 
second factor comes into play. The pressure wave of the arteries 
at systole is conducted directly by the incompressible intra-ocular 
contents, and rhythmically compresses the veins. Elsewhere 
in the eye one part of a vein cannot dilate to allow another to 
collapse, owing to the increased intra-ocular pressure acting 
equally, but at the exits a sudden expulsion of blood is possible, 
and a pressure pulse may therefore occur here synchronously 
with arterial systole (Comberg, 1924). 

It is, however, unjustifiable to assume that the behaviour of 
these pulsations is indicative only of the pressure relations between 
the eye and the veins. Since the entire vascular tree in the eye 
always pulsates throughout its length, the mere fact that these 
pulsations are visible to the ordinary ophthalmoscope ca > me 
taken to indicate that the pressure in the pulsating 
equal to the chamber pressure. Further, although it is 
primarily by pressure conditions, many other fact Le must be 
considered in the production of variations in the pass. The state 
of rigidity of the sclerotic, the state of sclerog the arteries, 
all the conditions which lead fön an ine EE in the 

s a freer communi- 
19 


or example, capillary 
Tiation. Again, since 
he displacement of fluid, 
nfluenced by the ease of 
ble factor, depending on the 
jc nerve of the accompanying 
retinal artery with its o g expansile pulse, the mode of 
communication of the rith the cavernous sinus with its 
opposing cerebral puke,» d the efficiency of the anastomoses 
with the orbital veins: henever the outflow from the veins is 
sufficiently obstr > the venous pulse will not occur, no matter 
what the pressı Se ations are. It follows that the occurrence 
or non-occury “Of a venous pulse is no indication of the relative 
pressures ANS eye and the veins; nor is the artificial pressure 
pore e applied to the globe to induce a non-spontaneous 

curate measure of the difference between the two; 


pulse N a i 
Se 9—2 


ee all form sources ol 
pulsation at the venous exits impli 
its incidence and amplitude „wil 

exit afforded the fluid—a very 
proximity to the vein in th 
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for since, as will be shown, the venous pressure varies with the 
intra-ocular, the latter cannot be approximated to the former 
without altering it also, thus leaving the initial difference between 
them quite unknown. 


Direct Method of Measurement.—In any technique for 
| the measurement of the venous pressure it is essential that 
|| the normal intra-ocular pressure be undisturbed, and that 
the normal circulation be in no way interfered with. This 
can be accomplished by the insertion of a miero-pipette into 


i | Fre. 30.—The scleral veins of the re 


The scleral veins of the dog, from an injected nen a, Circle 
of Hovius; b, vortex veins leaving t post-equatorially 
in relation to the rectus muscle R ; G anastomosing veins 


between the two. a and c—draw en lines—lie within the 
| scleral tissue; b—drawn blac e outside of the sclera. 
(Duke-Elder, Brit. Journ. 1926.) 


the lumen of the intra-scler@weins, so that the blood pressure 
is measured directly, W@jle at the same time the circula- 
tion proceeds undi d and the intra-ocular pressure is 
unaffected. Ih ei ound (1926) the dog the most suitable 
animal for is@urpose ; ; a plan of its venous system as 
revealed b Get is seen in Fig. 30, and a representation of 
the pipett@@nd the pressure-recording apparatus is shown in 
The apparatus was filled with a physiological citrate 
and when the pipette was inserted into the lumen of 
ein, blood flowed up into it if the venous pressure was 


SO 
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higher than that of the citrate column ; when the venous 
pressure was lower, citrate flowed into the vein. By raising 
and lowering the reservoir and observing the tip of the 
pipette through a microscope a very exact end-point could 


A d. 


Fro 31.—Measurement of the venous rR in the exit veins. 


A. Measurement of the pressure in (US intra-scleral veins by a 
micro-pipette. 
B. Measurement of the pressupg I the extra-scleral veins. 
a, Pressure chamber; b, ymeter tube; c, reservoir. 
(Duke-E Brit. Journ. Ophthal., 1926.) 


N 
be reached. The iı ration showed that the pressure in 
the intra-scleral Re was slightly above the intra-ocular 
pressure, the diffgr®hce between them averaging 1:5 mm. Hg. 
The pressuy © the extra-scleral veins as they are seen under 
the EN a was also measured by placing over them 
a chamber communicating with a manometer 
KM 
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(Fig. 31, B), following the technique employed by Seidel (1922) 
and Hiroishi (1924). Results comparable to the findings 
of those investigators were obtained, the pressure here 
being found to average 7 mm. Hg below the intra-ocular 
pressure. The rapid drop in the height of the pressure is only 
to be expected after leaving the eye, since its level falls 
quickly to that obtaining in the veins of the orbit and 
head. 

The pressure in the intra-ocular veins was studied by the 
establishment of a fistula between a vein near the optic disc 
and the chamber of the eye by inserting a fine needle 
into its lumen. The experiments were conducted with 
precautions to eliminate abnormal pressure reactions, and 
the invariable occurrence of a hæmorrhage into the eye 
showed that the venous pressure was higher than the intra- 
ocular. That it was not higher by a large amount was sug- 
gested by the smallness of the cone of hæmorrhage which 
formed, a relation which was confirmed by the insertion of 
a micro-pipette into the lumen of a vein at the disc, using 
the technique already described in the measutement of the 
pressure in the retinal arteries. < 

The Variation of the Venous Pressure the Intra-ocular 
Pressure.—It has long been known t ne venous pressure 
and the intra-ocular pressure oe intimately with 
one another. In order to Kay their relative values 
more exactly, the pressure ¢ e intra-scleral veins of the 
dog was measured while theYħtra-ocular pressure was raised 
by means of a monon inserted into the eye. On raising 
the intra-ocular KK to a considerable height, the 
pressure in the ewk-Aëins was found to rise coincidently, 
but to remai Sg at a level slightly below the chamber- 
pressure ; ee with an intra-ocular pressure of 40 mm. Hg 
the NER was found to be 39 mm. At the same 
time, thE ablishment of a fistula in the retinal veins showed 
So pressure here was higher than the chamber- 
pragsüre. 


Bi 
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This suggests that the venous pressure in the eye is always 
higher than the intra-ocular pressure, and that, while there 
is a fall of pressure in the exit veins as they pass through the 
thickness of the scleral coat, normally the pressure in the 
exit veins is still in excess of that in the eye. It is an essential 
postulate for the continuance of the circulation that the 
arterial pressure be higher than the capillary, the capillary 
higher than the venous, and the venous higher than the 
intra-ocular pressure. When the chamber pressure is raised 
the circulatory system is compressed, and that part with the 
lowest lateral pressure will give way first; that is, the veins 
at their exit will tend to be obliterated. As soon as this 
occurs, the blood flow will be checked, the vis a tergo from 
the arteries will pile up pressure, the constriction will be 
forced open, and the circulation will proceed at a higher 
level, the venous pressure rising with the intra-ocular. 
This process will repeat itself in a cumulative manner until 
the available force from the arteries has been equilibrated, 
that is, until the pressure in the ophthalmic artery has been 
reached, at which point the entire circulation will Ge? e and 
the vessels will be obliterated. While this is oom n the 
pressure in the exit veins just inside the eye approxi- 
mated the chamber-pressure, the pressure déwrement in the 
vessels traversing the sclerotic still o s, since their 
lumen is always kept open by the ze! 
and therefore the pressure in the sM 
sclerotic will now fall below intra-ocular pressure. 


Thus while the relative SCH make it impossible in 


Ang scleral tissue, 
ins just outside the 


normal conditions for a xe static outflow of the aqueous 
to take place into the , in conditions of raised intra- 
ocular pressure such ; N flow of the intra-ocular fluids may 
occur, and the can of Schlemm, which lies in the thick- 
ness of the scleı Go in the middle of this venous decrement, 

nity of acting as a safety valve, draining 


is given the Se 
off aque NS Nid tending to maintain the pressure of the 


eye NS rmal level. 
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These experimental results may be collected in tabular 
form :— 


Pressure in mm. 
Hg 
Animal 


Systo- 
lie 


Pressure measured in carotid . 150 

Pressure measured in ophthal- 
mic arteries : i 115 

Pressure in retinal arteries (2363 
in first arterial ne in 
eye). s ; 

Dog; ,. . | Pressure in venous exits 3 

Cat and dog . | Intra-ocular pressure 

Doei Pressure in episcleral veins 


The mean pressure in the ophthalmic artery is seen to be 
not greatly below the aortic pressure, and is about 100 mm. 
Hg in the cat. The pressure in the retinal arteries is about 
25 per cent. lower than this, and averagin ON 75 mm. Hg 
in the cat; and the pressure in the vein Co a little 
in excess of the intra-ocular pressure, Mix? pane a rapid fall 
as soon as the veins leave the eyexO 


The Vascular Pressures ebe zu blood pressure in 


the normal individual rq@Piptered in the brachial artery, 
may betaken as: diast dee 60 to 80/110 to 125 mm. 
Hg. This may be a€egpted as definitely established, since 
it is based upo e“ very extensive statistics, running 
into hundreds ©) thousands of individuals, which have 
recently al available from insurance returns in this 
ee @pAmerica (Rogers and Hunter, 1922 ; Symonds, 
192: es and Karn, 1924, ete.). We may also take it 
RY © blood pressures in the eye of man are comparable 


wA the experimental findings determined in animals as in 
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the previous paragraphs ; if any difference does exist, it is 
probable that it will be in the direction of a higher 
pressure in the ocular arteries of man. In these experi- 
mental animals the arterial supply of the eye is derived 
partly from the internal carotid and largely from the 
external, whereas in the human subject the ophthalmic 
artery is a direct branch of the internal carotid, virtually 
of the circle of Willis, a vessel which may be considered as 
the master vessel of the body, inasmuch as the whole vaso- 
motor mechanism is adjusted to maintain it at a continuously 
high level. Immediately after this branch is given off, the 
internal carotid constricts (Whitnall, 1921), the narrowing 
being out of proportion to the cross-section of the two vessels. 
By reducing the calibre of the main vessel in this way and 
damming up the blood stream, the passage of blood down 
this important branch will be favoured, and a high pressure 
will be maintained in it. 

Bailliart and Magitot (1921), who, it will be remembered, 
estimated the diastolic pressure in the retinal arteries as 
30 to 35 mm. Hg, state that the normal relationshi oS 
this value and that obtained in the radial arte as 0-45 
is to 1, and they attach considerable clinical g rtance to 
any marked rise in the relative value of t ‘mer. It has 
been pointed out, however, that their e Gm errs in being 
too low. Bleidung (1924), on the nand, whose tech- 


nique has also been indicated, Sc ratio much nearer 
10d, 


to unity; using Bailliart’s Baurmann (1926) 
obtained figures similar to th@y of Bleidung, while Verway 
(1925), also using Baillia method, considered the two 
identical. There seer e reason for accepting the 
actual experimenta OS obtained in animals and applying 
them as reasonabl se approximations to the case of man: 
we may take doe the pressure in the ophthalmic artery 
is only sligl low that in the carotid, and that the 
mean "E in the retinal arteries is about 25 per cent. 
of this, N 
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The Capillary Circulation 


Inasmuch as all vital processes take place through the 
capillary walls, the determination of the capillary pressure 
is of the greatest physiological interest. No one has yet 
devised a method to estimate its value in the eye. Its 
determination would seem to present many difficulties, since 
any intra-ocular manipulation or external pressure applied 
to the globe at once affects the intra-ocular pressure, through 
it the venous pressure, and therefore the capillary pressure, 
the three tending to rise coincidently, but not in parallel. 
For this reason the work of Bleidung (1924) and Dieter 
(1925), who respectively estimated the external pressure 
which had to be applied to the globe in order to produce a 
capillary pulse at the disc visible ophthalmoscopically, or to 
produce a cessation of the capillary flow in the macular 
region as seen entoptoscopically, can indicate neither the 
pressure in the capillaries nor in the arterioles supplying them. 
Inasmuch as the whole eye was compressed and the entire 
circulation in it affected, they were measuring, with the large 
and unknown error already pointed out, AM tity ulti- 


mately depending on the pressure in th @hthalmic artery. 
Consequently, each measuring the samé Shing with the same 
error, they obtained results compa with the value given 
by Bailliart for the systolic Kor the retinal arteries. 


The very many attempts thatwvave been made to estimate 
the capillary pressure in ous parts of the body have 
produced an BSSOELISERD, results so discordant as to 
represent this value oti from 1 to 70 mm. He. 
The tendency of measurements has been to put the 
pressure at a ratively low value, with the ability to 
rise to high l&xek in pathological or experimental conditions 
(see especialy Lewis, 1924). The majority of the estimations, 
however(hAve been made upon the capillaries of the skin, 
and wer seems little justification for applying the figures 
thc tained to the general circulation, and none for apply- 
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ing them to the specialised pressure conditions in the eye. 
The only deduction which can justifiably be drawn from them 
is the fact of their great variability. The recent researches of 
Krogh (1922), Dale (1918-26), Lewis (1924, ete.), and others, 
have completely changed our ideas of the activity of the 
capillary circulation. In the light of their work the 
capillaries are not to be thought of as a static part of the 
circulation, and the blood pressure in them as a constant 
and measurable quantity, but they are to be considered as 
the most active, purposive, and dynamic part of the vascular 
system, with a pressure continually varying from individual 
to individual, from organ to organ, and in both of these 
from time to time. Their tone is an independent property, 
controlled in part by a special capillariomotor nervous 
mechanism and in part by complex physico-chemical in- 
fluences, some of them locally determined, some of them 
hormonal, acting on the contractile elements of the capillary 
walls, over which they exercise a balanced control. More- 
over, the work of Dale (1918-26) and others, wherein the 
arteriomotor and capillariomotor effects were ae 
extent dissociated, seems to indicate that the ripheral 
resistance is not confined to the arteriolar n, as had 
previously been generally accepted, but th arge part of 
it is located in the capillaries, where a erable portion 
of the fall of pressure in the vascular E) 1 must, therefore, 
normally occur. There is BR EC Sharp dividing line— 
either anatomically or physiol% ly, in. structure or in 
function—between them and, Os arterioles on the one hand 
and the venules on the With their continuously 
changing conditions ann le range of variation it seems 
unreasonable to sp (©) a capillary pressure at all, and 
if we do, it must b elastic terms as comprising a large 
part of the pressg@Ogradient from the arteries to the veins. 
In the eye e considerations would seem to apply with 
more open elsewhere. In addition to the fact that the 
tissue preSgure here is 25 mm. Hg instead of from 1 to 2 mm. 
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as obtains elsewhere in the body, there are several indications 
that the capillary pressure in this organ will be higher 
proportionally than in any other in a state of rest. The 
ciliary arteries seem to be anatomically peculiar in that they 
break up almost at once into a rich network of capillaries 
(Fusita, 1919), which appear to be capable of such extreme 
distension as to allow the passage of ten corpuscles at a time ; 
in these it will be possible for the energy component repre- 
sented by the lateral pressure to rise to a very considerable 
height, theoretically higher than that in the arterioles. 
Again, the veins of the eye are physiologically constricted at 
their exits, and the whole circulation is confined under 
considerable tension in a feebly distensible and elastic case, 
under which influence the capillaries preserve a pulsatile 
flow. This will tend to throw the point of the fall of pressure 
further towards the veins, and make the vascular system 
approximate in its behaviour to a series of rigid tubes. It 
is highly probable, therefore, that while definite figures are 
apt to give a wrong impression of what is an indefinite and 
ever-changing quantity, a pressure variatioa\nay occur in 
the capillary bed from a few millimeti X% Ħg above the 
intra-ocular pressure to a height of 50 & mm. or over. 
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The writer’s experiments etailed in the Journ. Physiol., 
61, 409; 62, 1, 1926. A full@dyseussion will be found in the Brit. 
Journ. Ophthal., 10, 513, 4926, where a bibliography is added. 

A short and lucid a t of the physiology of the capillary 
circulation will be fou the companion volume in this series on 
“ Physiology,” by tt Evans (2nd edit., 1926). 
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8. THE INTRA- AR FLUIDS 


The Nature CÀ tra-ocular Fluids 


The theory en at the present time regard- 
ing the origin and ıre of the intra-ocular fluids is that 


they are secreted the cells of the ciliary epithelium, that 
they circula rough the eye, and find an exit largely 
through Keg of Schlemm. Alternatively it is held by 
some N e aqueous humour is formed from the blood by 
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a process of simple transudation. Ever since ophthalmology 
has been a science the question has been investigated, 
discussed, and disputed. Of recent years, owing largely to 
the tendency to apply the methods of physico-chemistry to 
biological problems, a third and completely different view 
has been put forward—that the intra-ocular fluids are a 
dialysate in equilibrium with the capillary blood. 


It may be advisable to explain shortly what a dialysate is without 
entering too deeply into the thermo-dynamical prineiples which 
govern its formation. A clear account of these will be found in 
the companion volume in this series dealing with Biochemistry 
(Pryde, 1926), and the peculiar aspects of the problem as applied 
to the eye are dealt with in a monograph by the writer (Brit. Journ. 
Ophthal., 1927). When a complex solution, composed partly of 
large-moleculed colloids and partly of freely-diffusible crystalloids, 
is brought into contact with a semi-permeable membrane, the 
colloids are held back and the erystalloids, along with the water, 
pass through. Ultimately a state is reached wherein the two 
solutions on either side of the membrane—the parent solution 
and the dialysate—are in equilibrium. Blood forms such a 
complex solution, the capillary walls may be considered a semi- 
permeable membrane impermeable to colloids, and the aqueous 
humour a dialysate. Now, when the equilibrium Sak is reached, 


we might expect the diffusible salts to Sa ibuted them- 
selves equally between the two fluids ; there is an 
excess of negatively-charged colloid ions ir Be: solution, 
a corresponding number of diffusible neg€NVely-charged ions is 
driven through the membrane in KY maintain a thermo- 
dynamical equilibrium. Further, KT negatively- 
charged colloid ions retain a corr ing number of positively- 
charged ions in order to neutr amp charges. 

It follows, therefore, that re is a difference between the 
concentrations of the at NICH in the parent fluid and 
the dialysate, and that the-farmer contains a comparative excess 
of a positively-charged ier the latter is richer in negatively- 
charged ions. To Si distribution of sodium chloride in 
the present case: UNY aust be more sodium in the blood than in 
the aqueous, siaek N’ is associated with the protein (largely as 
sodium albummatp), and correspondingly more chlorine in .the 
aqueous thap in” the blood. Moreover, since the diffusible ions 
are unequå istributed, a difference in the osmotic pressure of 
the two due to their influence must exist, and from thermo- 
dynam considerations it can be shown that the osmotic 

SSS of the protein-rich fluid (the blood) must be greater by a 


s e amount than that of the protein-free fluid (the aqueous). An 
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unequal distribution of eleetrically-charged ions at equilibrium on 
the two sides of the membrane must also result in a difference in 
electromotive force between the two solutions, whose magnitude can 
be calculated by the formula elaborated by Nernst. Lastly, when 
the protein is in alkaline solution with a pH greater than the 
isoelectric point (as is blood), the hydrogen ion concentration on 
the protein-rich side must be greater than that on the protein-free 
side, i.e., the pH of the blood must be less than that of the aqueous. 
If, therefore, the aqueous humour is a dialysate in equilibrium 
with the blood, it must show these very definite concentration, 
osmotic, and electrical effects when it is compared with the plasma 
in the capillaries. 


The Chemical Composition of the Aqueous Humour 


Since the time of Berzelius much work has been done on 
the chemical composition of the aqueous humour, but a 
systematic analysis comparing it with the plasma under 
adequately controlled conditions has only been carried out 
recently. The main difficulty. which presented itself was 
the small quantity of intra-ocular fluid available from any 
one animal, and the minute concentration of some of the 
constituents. In order, therefore, to make a general com- 
parison between the two fluids, I (1927) analysęģÑ a) large 
quantity of horse aqueous concurrently wi Cn typical 
sample of horse serum. By this procedur qualitative 
comparison can be made, and although LAS ınot lay claim 
to quantitative accuracy, a relatively, approximation is 
attained. The principal constitueat each class of sub- 
stances were then selected in the edit, and miero-analyses 
made of these, comparing eeh "with the corresponding 
concentration in the arterial venous plasma of the same 
animal. The chemical & ;e$ are given in the table on p. 
144 ; in the first tw mns are given my own analyses, 
in the third un given those constituents which were 


taken from other ©sthorities. 
N 
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Thee Constituents.—From the table it is seen that 
all the a d constituents of the serum are present, although 


> 
<V 
mS 
Ze: 


+ 


THE GENERAL CHEMICAL 
OF THE AQUEOUS HUMOUR 


COMPOSITION 


Quantities in gms. per 100 c.c. 


| Aqueous. 


Serum. 


(In Aqueous.) 


Water . : | 99-6921 
Solids dried at 100° C. ! 1-0869 


0-0201 
0-0078 
0-0123 


Total protein 
Albumin . 
Globulin . 
Fribrinogen 
Immune bodies 
Ferments 


DÉI Fats 39 al 
Cholesterol 


Non-protein N. 
Total N. . 
Urea 

Amino acids 
Creatinine 
Organic acids . 


Lactic acid 
“* Sugar ” 2 0-0983 
0:2787 
0-0189 
0-0062 


Sodium 
Potassium 
Calcuim . 
Magnesium 0-0026 
Chlorine . 5 ; 0-437 
Tnorg: P: (P307) Se 
( 


0 
Inorg. S. (SO,) ech 


Ammonia : 

Bicarbonate . 5 © 
N“ 

CO 


O 


Oxygen = 


Total CO, 


+ 


93:3238 
9.5362 


7:3692 
2-9557 
4:4135 


Traces (Hayano, 1921) 
Traces 
Traces 


0:06 (Mestrezat and 
Magitot, 1921) 
0-02 (Wittgenstein and 


Re z, 1926) 
Ki 


0-003 ((Mestrezat and 
0-165 | Magitot, 1921) 


20-40 mm. ((de Haan, 
7-15 mm. | 1922) 
70 vols. °/, (Mawas and 

Vincent, 1925) 


NN ”—representing a gravimetric estimation of an ether extract of 


d 
Di, ”—representing reducing substance estimated as glucose. 
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only in traces, in the aqueous humour. The proteins, as being 
the most important of these, were subjected to a more minute 
analysis. Qualitative determinations showed that all the 
representatives of this group of substances could be identi- 
fied—albumin, pseudoglobulin, and euglobulin, while the 
` presence of fibrinogen has been demonstrated by Hayano 
(1921). Quantitative micro-analysis brought out the fact 
that the different constituents were present in strictly 
comparable proportions, and that in the horse, the cow, and 
the rabbit the protein quotient—that is, the relative propor- 
tions of globulin and albumin—was the same in the aqueous 
and the serum. In addition, immunological investigations 
showed that they were specifically identical. These sub- 
stances are thus largely retained by the capillary walls, but 
the fraction which gets through appears to remain unchanged 
in its transit from the blood to the chamber of the eye. 
Closely associated with the protein content of the aqueous 
is the occurrence in it of the various substances connected with 
the chemical aspects of immunity. All recent work has gone 
to show that these bodies are invariably E ture ; 


certainly it must be admitted that they are alwaysassociated 
with colloids, and that in all their activities ehave as 
such.. The earlier writers held the view th aere were few 
or no bacteriolytic substances in the a us humour, and 
their absence was used to provide 3 ument in favour 
of the existence of a selective or schtetorv mechanism in the 
formation of this fluid. Since, Kever, they are colloidal 
it is to be expected that they, be found merely in traces, 
and more recent work, in g more refined methods of 
investigation, has shov N. they are present in the normal 
aqueous of highly-i ised animals in much the same pro- 
portion as would he {pected on purely physical grounds, in 
quantities clos rresponding with the concentration of 
eres 


proteins found 
2 Preci N None have not been demonstrated. We do not know what 


a precipitin %, and the only property associated with it which we can 
A. 10 
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Ferments resemble immune bodies in that they are closely 
associated with proteins. They are also present in traces, 
depending on the substrate available—maltase, amylase, 
fibrin ferment (Hayano, 1921), and proteolytic ferments 
(Goldschmidt, 1914; Hayano, 1921; Jacinsky, 1925). 

It seems, therefore, that although largely held back and 
occurring in very small quantities, all the colloid constituents 
of the blood are found in the aqueous humour in the propor- 
tion we would expect were the latter formed by dialysis 
through a membrane which was practically impermeable to 
their large-sized molecules. 

The Non-ionised Diffusible Constituents.—Those con- 
stituents (sugar, urea, ete.) which are freely diffusible, and 
which, not being ionised, are consequently not subjected to 
the electrical constraints which we have considered, should 
be equally partitioned between the blood and the aqueous 
humour. From the foregoing analyses it is seen that they 
are all present. Their relative distribution, however, may 
appear unequal; but since the blood contains a large excess 
of solids (largely protein), a correction factor oi be applied 
to allow for the difference in solid displa nt due to the 
unequal mass of solute. Such a correfkleh factor of 1-003 
applied to the aqueous, and of 1-07ea)pplied to the serum, 
gives comparative results expres as concentrations dis- 
solved in an equal quantity o ‚and when it is applied. 
the concentration in both S$appears practically the same. 


Thus: O 


ous Serum 


G go Kc per 100 Gms. per 100 Gms. per 106 
N l. gms. water c.c. sol. gms. water 
Urea . : 28 0-028 0:027 0:0289 
“ Sugar ( J ‘0983 0-0986 0-0910 0-0974 


A er controlled estimation carried out upon 


conject wits great molecular complexity. Since a precipitation reaction 
is p bly largely of the nature of the precipitation of colloids by other 
N o form a still more complex colloid suspension, it would seem 
I sable to attach much importance to its absence in the aqueous humour. 
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the sugar concentration in the rabbit brought out the 
relationship more clearly. In this, the two fluids under 
comparison were in each case taken from the same animal, 
and arterial and venous plasma, uncontaminated with anti- 
coagulants and preserved from the air, were used. The 
average results were found to be: 


Gms. per 100 Gms. per 100 
c.c. sol. gms. water 


Aqueous humour . EOSL 0-151 
Arterial plasma . . 0-148 0-158 
Venous plasma ; SL KE 0-133 


The sugar content of venous plasma is considerably less 
than that of arterial plasma, and recent work. suggests 
that that of the capillary plasma is nearly related to the 
former. It is seen that the sugar content of the aqueous 
humour lies between that of the arterial and venous plasma, 
and the figures suggest that it corresponds closely with that 
of the capillary plasma. This general relationship is con- 
firmed by the work of Osborne (1919), Haan and Creveld 
(1921), and Dieter (1925). The other e con- 
stituents are in a similar case: urea (Andre 921), 


amino-acids (Rados, 1922; Pagani, 1926). 

The lIonised Constituents.—The general_Apalysis shows 
that the ionised salts are unequally distrib ; in the serum 
there is a considerable excess of pentane ions, 
while with the negatively-charged inthe opposite relation- 
ship obtains. This relation was (fy nd to hold good when 
the two fluids—aqueous and pRsma—were taken from the 
same animal with all precaukians to keep them biologically 
normal. Thus an aerate! ïe chloride estimations carried 
out in the rabbit or to be as follows : 

Gms. per 100 Gms. per 100 
(GE gms. water. 


Aqueous hü ur. . 0-635 0-637 
Arterial 3a : SO Bayes) 0-619 
Veno ma E P Orl 0:589 


10—2 


This oC relationship is confirmed by the work of several 


Ce 


Ki 
we 


® 


O 
4? 


148 THE INTRA-OCULAR FLUIDS 


experimenters: Mestrezat and Magitot (1921), Creveld 
(1921), Ascher (1922), Rados (1922), Gala (1924), and 
others. 

We have seen that this unequal distribution of the ions 
is characteristic of a system in membrane equilibrium. 
From thermo-dynamical considerations it can be shown that 
in such a system the product of the diffusible ions on 
either side of the membrane is equal. We have found 
that the relative concentrations of the sodium and chlorine 
are: 


Na in aqueous, 0°2787 gms. per 100 c.c., or 121:2 millimols per litre. 
Cl in aqueous, 0°4371 gms. per 100 c.c., or 123:1 millimols per litre. 
Nain serum, 0°3351 gms. per 100 c.c., or 145°6 millimols per litre. 
Clin serum, 0:3664 gms. per 100 c.c., or 103:2 millimols per litre. 


The theoretical relation,? expressing the equality of the 
products of these ions : 

Nant [Clr cas Nat baad SIEH] 

P aq. aq. G blood blood 
therefore becomes— 


121 x 123 = 145 x 103 RS 


or 148-833 = 149:35.@ 


In biological estimations, especial en dealing on the 
one hand with a quantity so z as was the available 
aqueous, and on the other with)®aterial so complex and 
liable to constant and et changes as blood, the 
agreement in the above reshlts forms a strong argument 
for the existence of a p ss of dialysis. 

The Reaction.—T, Ken of the aqueous humour has 
determined i 921. It is considerably to the alkaline 
side of neutralt¥, its pH being from 7-5 to 7-7; that is, higher 
than tha Ahe blood. 


been measured ie reral observers since Hertel originally 


N Kë aia appears to be in higher concentration in the aqueous 
RR stein and Gaedertz, 1926; Mendel and Goldscheider, 1925). 
2 K 


j ch e “ Recent Advances in Biochemistry,” Pryde. Churchill: 1926. 
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Fic. 32.—The osmotic pressure of the aqueous | (micro-osmometer 
and conductivity apparatus). A, Blo eK. B, Aqueous cell. 
c, Cellophane membrane between two ke pported by a wire gauge 


d, which fits into a ledge e cut in the cel On the parallel sides of the 
aqueous cell, f represents a rectangul atinum electrode, which leads 
off by platinum wires g protected ja glass capillaries A to a Kohlrausch 
apparatus. A glass capillary j as into the aqueous cell, through 
which the pressure in the celli ulibrated, and which can be opened 
or closed by a clamp k. . he blood cell a tube J is inserted, after 
it has been filled with NS in such a way that the plasma rises up 
the tube to the mar Ve: e equilibration was done under constant 
volume conditions Lët the stop-cock m and measuring the 
pressure of the airjn the part of the tube mt on the mercury manometer 
n, by raising HANS rvoir 0. 


The conductivity of the aqueous humour 

was taken, in(@®$Mirst place, before it had come into contact with the 
cell B and closing it with a vulcanite stopper s. 

was removed, A was filled with serum, and opposed to B 

until 8g&Nbrium had been established, when the conductivity was 


za again. The whole apparatus is immersed in a thermostat 


W, bath. (Duke-Elder, Journ. Physiol., 1927.) 
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Physical Properties of the Aqueous 


The Osmotic Pressure he osmotic pressure of the 
aqueous relative to the plasma was determined (Duke- 
Elder, 1927) by equilibrating it with arterial and venous 
plasma taken from the same animal. A micro-apparatus, 
as illustrated in Fig. 32, was employed; plasma was 
placed in the cell on the side (A) in the figure, aqueous 
was placed in the cell on the side (B), and the two fluids 
were separated by a cellophane membrane (c in the figure). 
Since this is impermeable to colloids, the difference in 
the osmotic pressures of the two fluids due to the relative 
concentration of these substances was registered directly on 
the manometer (n), the apparatus being manipulated in 
such a way that the volume of the fluids was kept constant. 
Since the crystalloids could penetrate freely through the 
membrane, and would distribute themselves on either side 
so that osmotic equilibrium would be attained, the difference 
in osmotic pressure due to their influence was determined 
by estimating their concentration in the eous before 
the experiment commenced and after equim had been 
established. That of the undissociate stalloids, which 
are largely represented by glucose, determined by the 
chemical estimation of this subst ; that of the ionised 
salts, by the measurement o electrical conductivity 
by means of two electrodes connected to a Kohlrausch 
apparatus. It was found hät, while there was a relative 
excess of osmotic pre@yıre in the plasma due to the 
presence of colloid QX terials in it, the concentration of 
diffusible substa n the aqueous lay between the point 
of equilibriur oi arterial and that with venous blood, being 
more PC GE re to the former. It therefore appears 
that the: YPnotic pressure of the aqueous corresponds to 
that eure of the capillary plasma. 

ie ther physical properties have a similar relation—the 


d ic gravity, the refractivity, the conductivity, the 
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surface tension (Creveld, 1924; Dieter, 1925), and the 
viscosity (Guglianetti, 1920 ; Dieter, 1925). 


The Abnormal Aqueous Humour 


The nature of a dialysate is governed in accordance with 
thermo-dynamical laws by the composition of the parent 
fluid and the nature of the semi-permeable membrane. 

If the aqueous humour is a secretion, it is difficult to place 
a limit to the number and extent of the variations to which 
it may be liable qualitatively or quantitatively. If, however, 
it is a dialysate, there are only two possibilities whereby 
changes can be made in its composition : an alteration in the 
permeability of the capillary walls, and an alteration in the 
composition of the blood. 

Alterations in the Permeability of the Capillary Walls. — 
The recent work of Krogh (1922) and others has shown that 
the capillaries are relatively impermeable to colloids, but 
that in a state of dilatation the permeability of their walls is 
increased, so that a larger proportion of colloidal Material 
can penetrate through them, until eventually XN słage is 
reached when practically all the constituents he plasma 
are allowed to pass through indiscriminate}¥ This occurs 
in the eye as elsewhere, and since, int circumstances, 
the colloid contents of the two fluids 
more nearly approximate, the x o-dynamical stresses 
which normally exist between n become progressively 
less ; consequently, while the -ionised constituents (sugar, 
etc.) retain the same pro Mons, the excess of negatively 
charged ions (chloride) Dis aqueous humour diminishes. 
The physical prop ‘on the aqueous, moreover, conform 
to the same Een principles : its osmotic pres- 
sure remains i Gquilibrium with that of the plasma, and 
the differeng the electrical potential between the two 
fluids Ken sħĤes proportionately (Duke-Elder, 1927). This 
abnom SS umour which thus differs from the normal only 
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in resembling the plasma more closely, I have called the 
plasmoid aqueous, and, no matter how it is formed, its 
chemical composition and physical properties are in accord 
with these requirements of equilibrium. 

Such a fluid is formed in all conditions wherein the 
capillaries are dilated or the permeability of their walls is 
inereased—on paracentesis or on the sudden lowering of the 
intra-ocular pressure by any means, on radiation or the 
application of heat, on local irritation by mechanical or 
chemical means, on nerve stimulation or on the exhibition 
of drugs, on interference with the blood supply producing 
congestion, on direct capillary damage by inflammation, by 
poisoning, or after death. Its composition also varies, as 
would be expected, with the degree of dilatation produced 
in any particular case, both in the same animal and, com- 
paratively, in different species of animals (e.g., the rabbit 
and man). Further, the formation of a plasmoid type of 
aqueous in these circumstances is prevented by any agency 
which prevents capillary dilatation, such as the retrobulbar 


injection of adrenaline, stimulation of the syalpathetic, or 
ligature of the carotid artery. x 

Variation of the Composition of the .—In a similar 
manner, when the composition of the-&pvpd is altered, that 
of the aqueous humour changes i e way in which we 
would expect were there no © e agency which deter- 


mined the passage of materigls“ffom the one to the other 
except the size of the leas in solution. Colloid sub- 
stances are allowed ESA only in traces ; diffusible sub- 
stances are found to e ©) he eye freely, both when they are 
injected ist? and in those clinical conditions 
where their co ration in the blood is altered, as witness 
sugar in diabekesJand chloride in cases of chloride retention. 
Dyes also, Gych as fluorescine, are found in the propor- 
tion whig@ Physical laws demand, and in the same concentra- 
tion gefative to the plasma as they are obtained by dialysing 
blo hrough a collodion membrane (Haan and Creveld, 
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1921). As far as they have been investigated, all substances 
seem to enter and leave the eye by a process of simple 
diffusion, and their presence or concentration shows no 
evidence of any selective or secretory mechanism. 

The Physico-Chemical Equilibrium. — To summarise, then, it 
seems that the chemical composition of the aqueous humour, 
both in the normal and the abnormal state, strongly suggests 
that it is in equilibrium with the plasma. All the consti- 
tuents of the latter are found in the former in the proportions 
we should expect if we postulate a separating membrane 
between them relatively impermeable to large-sized mole- 
cules. The colloids are present in the aqueous only in traces, 
and their proportions vary according to the laws of diffusion 
when the permeability of the membrane is altered. The 
proteins are not new elaborations and show no evidence 
of chemical alteration. Those constituents which are freely 
diffusible and, not being ionised, are not subjected to the 
electrical constraints imposed upon the system, are found 


in equivalent proportions. Those constituents which are 
ionised, and are, therefore, brought under the in 


which theoretical considerations demand. 

the permeability of the membrane is alter he plasmoid 
aqueous thus formed, differing iess prof: y in its colloid 
content from the blood, and so inv y the existence of 
less powerful stresses, changes its sel in terms of a 
system in thermo-dynamical equiijtium; while, on intro- 


. ducing foreign substances inta@pe blood stream, these find 


their way into the eye in th jo of their diffusion constants. 

The physical forces IN ved in the production of the 
aqueous humour c Q to the terms of the same state 
of equilibrium. ave seen that the osmotic pressure 
of the aqueoug €D that of a dialysate of blood, and is, 
therefore, leg Qian that of the plasma by some 20 to 
30 mm. Te follows that, if the system is in equilibrium, 
the ae atic pressure in the capillaries must exceed 
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the intra-ocular pressure by an amount which is equal 
to the difference between the osmotic pressures of the two 
fluids. We have seen in the previous section that there is 
every reason to believe that this is the case, and that the 
hydrostatic flow from the blood stream to the chambers of 
the eye will be balanced by an equal and opposite osmotic 
attraction from the aqueous to the blood. Further, as 
regards the electrical stresses which we have seen are 
necessitated, Lehmann and Meesmann (1924), using a capil- 
lary electrometer and electrodes which were introduced, one 
through a needle into the eye and the other through a 
canula into the jugular vein, found that a difference of 
electrical potential of from 6 to 10 millivolts existed between 
the two fluids, the aqueous being positive and the blood 
negative. 

The two fluids—the aqueous humour and the capillary 
plasma—are therefore in chemical, hydrostatic, osmotic and 
electrical equilibrium, and there is no evidence of the expendi- 
ture of any energy in the elaboration of the one from the other, 
either in the normal or the abnormal TS seems very 
difficult, therefore, to explain this com relationship in 
any other way than that it is a by the thermo- 
dynamical considerations. which RO the formation of a 


dialysate. Gel 
The Transudation Theory e transudation theory— 
that the aqueous humour formed by a pressure filtration 
from the blood and circtWates under the influence of this 
pressure-head—is dis ed by the fact that the intra-ocular 
fluids contain mer atively charged ions (chloride) than 
the plasma. is a consideration which was largely 
neglected b earlier workers. With the knowledge of 
physics whiclPwas available at the beginning of the century, 
the onl ING ional attitude to have taken up was to assume 
the, ebro of a secretory gland actively secreting saline. 
Be other hand, we may take it to-day as one of the most 
ferful arguments in favour of the hypothesis of dialy- 
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sation: such an increase of salt is the constant result of the 
dialysis of a protein-salt mixture, and is the necessary 
consequence of the forcing away of the negatively charged 
chlorine ions from the negatively charged protein ions in 
order to maintain thermo-dynamical equilibrium. 

The Secretory Theory.—As regards the secretory theory 
the strongest piece of direct evidence commonly put forward 
in its support is anatomical in nature, depending on the 
structure of the ciliary epithelium and its resemblance to a 
gland—a form of evidence at best inconclusive and sus- 
ceptible of varying interpretations. Some animals possess 
no ciliary body; others, possessing a ciliary body, show 
no unequivocal glandular structure in it; and finally, in 
those animals (e.g., man) wherein the anatomical evidence 
is most complete, its resemblance to a gland is questioned by 
many authorities. Moreover, it can be shown that the 
formation of the intra-ocular fluid, although largely asso- 
ciated with the ciliary body, is by no means confined to 
it. Following the work of Mawas in 1910, Seidel (1920), 
Carrére (1923), and Albrich (1924) described histQlogical 
appearances in the ciliary epithelium. which the iated 
with a secretory function, but they cannot bexgedd to have 
brought forward any definite evidence typ, df true secre- 
tory activity and not susceptible to otheN@xplanations. 

Seidel (1920) claimed to have der EN fated an electrical 
current of action indicative of such  fürfetion ; but, although 
his results have been questioned Q) Lullies and Gulkowitsch 
(1924), such a difference in @ptential as he obtained is 
explicable by the fact that wo electrodes which he used 
were immersed in soluti f different ionic concentrations 
—aqueous and an secretion. Seidel (1920) further 
claimed that the inwxéase of intra-ocular pressure, and the 
increased proteit Content of the aqueous after the exhibition 
of eserine, de strated that the ciliary body is a true gland, 
susceptib. \ stimulation by this drug. Koller (1920) 
and Nr however, showed that eserine causes 
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a vaso-dilatation in the eye. Its action in stimulating a 
secretory process is on the peripheral endings of the secretory 
nerves, and Adler and Landis (1925) have shown that these 
effects of eserine persist after removal of the ciliary ganglion 
when the nerves have degenerated ; they are, therefore, 
vascular in origin. The opposite effect of atropine has been 
shown to be capable of a similar explanation, and cannot 
be held as providing any evidence of glandular activity. 

More important, we have seen that the intra-ocular fluids 
are in thermo-dynamical equilibrium with the capillary 
plasma, and that in their passage through the ciliary cells 
no work of any kind—chemical, hydrostatic, osmotic, or 
electrical—is done. A secretion is the elaboration of a 
substance by specialised cells for some specific purpose in the 
body mechanism in such a way that in its formation work 
in one form or another is done, the necessary energy being 
derived from the activities of the secreting cells. If, there- 
fore, the ciliary body is accepted anatomically as a gland, 
it must be admitted that it secretes nothing, and that it 
shows no evidence of activity as such, b nerely allows 
the aqueous to diffuse through its cells päen ëch, 

The Theory of Dialysis.—The evid therefore, seems 
to point to the fact that the aqu is a dialysate, the 
dialysing membrane being the ary walls. The fluid 
percolating the vitreous ha ain explicable limits, a 
similar composition (see Dike-Elder, 1927); it, too, seems 
to have a similar origin @d is interchangeable with the 
aqueous. It is to be membered, of course, that in their 
passage from the e ies to the chambers of the eye these 
fluids are not oo unaffected. Each cell and each 
interface in 3 cell which they traverse, as well as the 
surfaces, Rex and internal, of the vitreous, will set up 


forces wł will modify their composition just as surely 

as if ; GAni-permeable membrane existed in actual fact. 
intra-ocular fluids are thus comparable in their 

Ke and metabolism with the tissue fluids elsewhere, 
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and differ from them qualitatively only as a consequence of 
the relative impermeability of the capillaries of the eye. 
The capillaries vary in their permeability throughout the 
different tissues of the body, being adapted to suit the needs 
of each particular organ, and their almost complete im- 
permeability in the eye may be regarded as a biological 
adaptation to keep the intra-ocular fluids as far as possible 
optically homogeneous. 


The Circulation of the Aqueous Humour 


If the aqueous humour is a dialysate in equilibrium with 
the capillary blood, it follows that essentially it is without 
a definite circulation. The common conception of a current 
of fluid flowing from the region of the ciliary body through 
the pupil to the angle of the anterior chamber has been 
questioned. since the end of last century, particularly by 
Weiss, and more notably by Hamburger. With the evidence 
which is at our disposal to-day, we secm forced to the opinion 
that this is one of the many instances which ee 
in all branches of science where a conclusioı ed on 
insufficient premises has become accepted as stm 


and proven fact. 
The “ circulation ” of the aqueous has go" demonstrated 
c 


and measured only by unsound phyé al experiments, 
in none of which the conditions MN oO normal eye have 
been approached. There has io a general failure to 
appreciate the ease with wk@) the normal equilibrium 
is disturbed, and the Re of the deductions 
which have been ma rom them are based upon 
reasoning from the Se to. the normal. These ex- 
periments have dea®“with the opened eye, or the dead 


eye, or with thé subjected to some manipulation, such 
as ae ae ich has completely altered the normal 
pressure NS ions. None of them can support conclusions 


asonably bear analogy to the living and normal 


which c 
ch 
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organ ; and all of them are alike in being of such a nature 
as is calculated to impose an abnormal circulation upon a 
fluid whose original state, as far as their evidence is con- 
cerned, remains entirely conjectural. I have recently 
examined this evidence exhaustively elsewhere (1927), and 
the subject is too bulky to go into in any detail here. 

The sites of the origin and exit of the aqueous have been 
studied by injecting dyes into the blood stream and tracing 
their path into the eye, and by injecting similar dyes into 
the eye and following the paths by which they have escaped 
from it. The most recent work is to be found in the writings 
of Seidel (1915), Kumagai (1917), Magitot (1917), Nakamura, 
Mukai, and Kosaki (1922), Thiel (1922), Carrere (1923), and 
Weekers (1924). In the first case the little-understood and 
complicated conditions which determine intravitam staining 
in all living tissues come into play, and were the reasoning 
to be followed to its logical conclusion in the case of each 
dye, every tissue in the eye—even the cornea—must be 
considered responsible for the formation of ‚the aqueous 
humour. The staining effects are differe h different 
dyes in the same animal, and with the sa N in different 
animals, the variations occurring in a Q erratic manner. 
Moreover, the concentrations in whj Cy ey are found in the 
eye are consonant with the laws W usion, and correspond 
with the concentrations obtain ing blood and inanimate 
membranes (as collodion : Gel and Creveld, 1921) ; indeed, 
the passage of dyes into anwthrough living cells seems to be 
determined by the sar Gws throughout the body generally 
(Schulemann, 191 De evidence which can be obtained 
from this source Nine demonstrates no actual flow of 
fluid into De but merely indicates that a reciprocal 
process of 5 sation takes place between the blood and 
the aque humour whereby foreign substances enter 
the daher of the eye from the capillaries by simple 


d 


~\ ose experiments which depend upon the injection of 
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materials into the eye and the study of their channels of 
elimination lay themselves open to the same criticism. In 
addition, the artificial pressure necessitated by their intra- 
ocular injection induces an outflow of fluid which bears no 
legitimate comparison with the normal pressure equilibrium. 
Further, the presence of foreign materials excites a cellular 
reaction (Leboucq, 1913; Hamburger, 1922), and the 
endothelial cells actively absorb all such materials, just in 
the same manner as injected substances are absorbed from 
the subcutaneous tissues or any of the body cavities. In the 
eye, as elsewhere, this active elimination of foreign material 
cannot be held to demonstrate a circulation existing in normal 
conditions, or to indicate the channels of exit of the normal 
aqueous. 

A similar fallacy invalidates the argument, sometimes put 
forward, based on the rapid return of the composition of the 
aqueous to normal after its protein content has been increased, 
or after discission of the lens. The rapid disappearance of these 
proteins does not prove a renewal of the intra-ocular fluids during 
the interval, for when these substances are introduced into the 
aqueous they have been shown to be hydrolysed into amig4 acids 
which will diffuse freely out of the eye (Goldschmi 914; 
Hayano, 1920 ; Jacinski, 1925), and any protein not alt with 
will act as a foreign body in the normally “ ceollod Iw? humour, 
and will be actively removed by the endothel ells, just as 
foreign proteins are absorbed from any other t . In asimilar 
manner cholesterol is eliminated after emulsi 
fication to fatty acids (Meesmann, 1924). 


The Metabolic e Oe their formation, so 
with their processes of interg@pge, it would seem that 
the intra-ocular fluids and tissue fluids are regulated 
by the same factors. A her side of the capillary walls 


there is a balancin rostatic and osmotic pressure 
equilibrium, around ën level the mutually compensating 
pressures are contifDully fluctuating, and in any one capillary 
the balancing s will determine a flow of fluid outwards 

N and inwards at another. Accompanying 
this ther N diffusion out or in of the diffusible substances, 
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according to their several differences in concentration, and 
a readjustment depending on colloid impermeabilities. 

The Pressure Circulation.—Superimposed upon this 
primary metabolie interchange there will necessarily be a 
secondary and intermittent circulation of fluid in mass, 
determined by changes of pressure constantly occurring, 
due to contraction of the internal and external musculature, 
the influence of the pulse beat, ete. Again. the con- 
ditions are exactly comparable with those in the case of the 
tissue fluids generally, which depend largely upon muscular 
activity for any circulation which they may have. Magitot 
(1917) and others consider that the aqueous humour is 
completely stagnant ; but there is a large amount of patho- 
logical and physiological evidence which seems to indicate 
that the truth lies in a unification and reconciliation of the 
conception of a dialysate in equilibrium with the exist- 
ence of a circulation. We have seen that, in normal 
circumstances, since the pressure in the venous exits is 
higher than that ia the chamber of the eye, a hydrostatic 
outflow is impossible. In conditions o Med pressure, 
however, the conditions are reversed, the canal of 
Schlemm, whose pressure is lowered orarily below the 
chamber pressure, thus acts as y valve. The con- 
tractions of the orbital END re and of the ciliary 
muscle, whose effect is proba ed by the suction action 
of the scleral spur of Thomsn, will provide such constantly 
changing pressure conditiäg&, and a virtually constant but 
minimal pressure circulXtion will thus be imposed upon the 
fluid contents of tl €: 

Thus, while a d interchange exists throughout the 
vascularised disku: of the eye as a whole, the location of 
the greatest Peéssure-head in the circulation in the region of 
the distrsbBtion of the long posterior ciliary arteries will 
deter the greatest outward diffusion from the ciliary 

WNond iris ` and the position of the canal of Schlemm, far 

the venous pressure gradient, with its delicately 
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adjusted pressure equilibrium, will favour a preferential 
diffusion in the opposite direction at the angle of the 
anterior chamber. 

The Thermal Circulation.—In addition to this external 
circulation there is an internal circulation within the anterior 
chamber itself, caused by convection currents in the aqueous, 
which determine a continuous flow upwards in the region 


Fro, 33.—Diagram showing the thermal ciroulatiga(o) e aqueous 
humour. On the left (a), sagittal sectio ®} the anterior 
chamber ; on the right (b), frontal vie is seen the line 
formed by microscopic deposits on, t sterior surface of 
the cornea. (From Koby, Goulden and Harris’s Trans., 
1925.) 

of the iris, and downwards in @g region of the cornea—a 
thermal circulation (Fig. 3 This is occasioned by the 
difference in temperature reen the air-cooled cornea and 
the vascularised (rise ference which I have found (1927) 
with the employmen thermopile needles to be normally 
from 3° to 5° C. *<PDis thermal circulation has been compre- 
hensively RS by the slit-lamp in cases where 
52 D 
it has been Nered evident by the presence of inflammatory 


dal 


cells in Sl or by the injection of fluorescine or 
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particulate matter. It is a purely physical phenomenon. 
A similar current can be produced in an artificial anterior 
chamber; by changing the position of the animal it can 
be modified to flow in any direction, according to the require- 
ments of gravity. In the heat of the beam of the slit-lamp 
complicating eddies can be induced, and by equalising the 
relative temperatures, as by heating the cornea by fixing 
over it a glass chamber containing a circulating stream of 
warm water, it can be abolished, or, by raising its tempera- 
ture above that of the iris, it can be reversed. 
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3. THE INTRA-OCULAR SURE 


Until recently all EHI on the intra-ocular 
pressure has confined itself to the elation of its variations 
with alterations in the bl pressure. It has been 
adequately shown that yn xperimental conditions the 
two vary intimately ir rallel; but since it has been 
demonstrated concl by very extensive observations 
that this relation E not by any means hold good under 
clinical conditiop&# is obvious that a more comprehensive 
survey mat taken, involving an inquiry into other 
factors. 


N 
The +o enance of the Intra-ocular Pressure.—A scheme 
oO 11—2 
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such as is represented in Fig. 34 may assist in making clear 
the mechanism of these factors. Externally is the sclerotic 
which is very feebly distensible. Lining the chambers 
of the eye is a physiological membrane composed of 
endothelial and epithelial cells. The space between the 
two (b) is occupied by the turgescent vascular bed of the 
uveal tract, and filling the interior (a) are the aqueous, the 
lens, and the vitreous. 

After the eye is excised, it is common knowledge that it 


b 
b b 
(2) (3) 


(1) 

Fro, 34.—Scheme to represent the factors influencing the intra- 

ocular-pressure. 

a, The chamber of the eye, occupied by the aqueous, the lens, 
and vitreous. 

b, The choroid—a vascular “ chamber.” A 

(1) The condition when the eye is exsanguir or the blood 
pressure falls; or, alternatively, on swefiM/of the vitreous. 

( 

( 


2) The normal relationship. 
3) The comparative relationship on yas 


tract. x\ 


For explanation, see text. Q 


atation in the uveal 


retains a considerable amolat of residual tension for some 
time. Tonometric meaşyr®ńents show that this averages 
10 mm. Hg, and it re Qi at this level for some twenty-four 
to thirty-six hows ch, excision, while after forty-eight 
hours, with the pQsmortem disintegration of the structures, 
the pressure€ gy ually falls to atmospheric level. Simi- 
larly, whem the blood pressure falls, the compartment (b) 
; allows (a) to expand, and the lining cells retain 
the. nts of the globe under a pressure of 10 mm. Hg. 
NS seen in Fig. 35, which represents the fall of intra- 
SN ar pressure on exsanguination. On allowing the flow of 
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blood to resume in the exsanguinated eye, as, for example, 
on ligating and then freeing the carotid, or on exsanguina- 
tion and subsequent perfusion, the vascular channels (b, 
Fig. 34) are filled up again, and since the external coat is 
practically rigid, room is found for the increased volume by 
compressing (a); the feeding arteries pile up pressure, and 


e 
PA 
B.p. Ia Wéi ANN bel | IN 


Ion. 
10mm | 


Hg. 


Fo, 35.—The variation of the intra-ocular pressure on exsangıÄina- 
tion. The upper curve is the blood pressure; t Ne 
curve, the intra-ocular pressure (cat). 

o bleed 


At a the femoral artery was opened and alloy, 
slowly ; the blood pressure fell and the GN pressure 


fell considerably. 

At b the abdominal aorta was opened ; Oroa pressure 
rapidly fell to nil, and the animal di "hile the intra- 
ocular pressure remained at 10 mm. Duke-Elder.) 


x 


the intra-ocular pressure therefefe rises until a point 
is reached when an adequs circulation is maintained 
(Fig. 34, 2). At this p LQ; ulibrium is established, and 
the height of the wo pressure is determined by the 
hydrostatic spams) 1e capillaries minus the difference 
in osmotic ES) etween the aqueous humour and 
the capillary 1a. The normal level of from 20 to 
25 mm. Hg ¢Npresumably that determined by a process of 
adaptive N Mton at which the eye is rendered sufficiently 


rigid toc? as an efficient optical instrument, and is able at 
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the same time to maintain the metabolism of its tissues 
without interference. 

The Variation of the Intra-ocular Pressure. —Being main- 
tained in equilibrium at this level, the intra-ocular pressure 
may be varied : 

(1) By altering the equilibrium level. 

(a) By raising or lowering the blood pressure in the 
capillaries. 

(b) By varying the difference between the osmotic pres- 
sure of the capillary plasma and the aqueous. 

(2) By varying the volume pressure inside the eye, which 
variation is rendered effective by virtue of the small degree 
of distension of which the sclerotic is capable. 

(a) By varying the state of dilatation of the uveal 
capillaries. 
(b) By varying the quantity of the aqueous humour. 
(c) By varying the volume occupied by the vitreous and 
lens. 

Variations with the Blood Pressure.—The bleod pressure 
in the capillaries is influenced by the general de l pressure, 
by the venous pressure, and by the local LOY the capillary 
circulation. Previous work on this tion has largely 
confined itself to the study of the HO of variations in the 
general arterial pressure, and t Se which this factor 
bears, other things remainin Rer t, has been abundantly 
shown. The intimacy of OG relation is seen in Fig. 86, 
which is interesting as a corttrol with which to compare the 
other tracings. Owing tne difficulty of obtaining useful 
records of the IAG enous pressure, this variant has 
attracted some ess attention. It has been known from 
early times that the intra-ocular pressure rises when the 
vortex veing-are ligated, and more recently it has been shown 
effect follows a similar obstruction to the veins 
ck of the orbit (Hiroishi, 1924), or in the neck 
on, 1922), or is produced by compressing the thorax 
ei, 1920), or the abdomen (Comberg and Stöwer, 1925). 
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The effect of the venous pressure, indeed, tends to be more 
intimately felt than that of the arterial, and when the 
variations of the two are dissociated, as is seen in Fig. 41 (b) 
and (c), the intra-ocular pressure follows the former more 
closely than the latter. 

These influences, of course, are only made effective in so 
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Fic. 36.—The variation of the intra- Pais 


b 
blood pressure, other factors remaining FS 
curve is the blood pressure ; the lower, NG} the intra-ocular 
pressure (cat). The blood pressure Ek d by ligating the 
| abdominal aorta at a, releasing it¢suidénly at b, tightening 


i 
| the ligature again at c, and releasizgNt slowly at d. The curve 
| of the intra-ocular pressure is se&g Jo follow the variations in 
the blood pressure intimate’'y@, (Dake-Elder.) 


S 


far as their action is N Amunicated to the capillaries. 
Ultimately it is the EI of the pressure in this part of the 
n 


circulation which d&ermines the level of the intra-ocular 


re with the 
The upper 


pressure, and į the capillary pressure varies inde- 
pendently o systemic blood pressures the chamber 
ERS ; to follow it preferentially. We have seen 


in a = s section that the capillary pressure is largely 
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an independent property, controlled in part by a special 
eapillariomotor nervous mechanism, and in part by complex 
physico-chemical influences, some of them locally determined, 
some of them hormonal, the rationale of whose action is 
as yet imperfectly understood. This consideration accounts 
in some measure for the apparent anomalies often met with 


a b 
Fic. 38.—Variation of the intra-ocular press Qio the blood 


pressure on increasing the colloid angeg%n tic pressure of the 
blood. The upper curve is the in pcwlar pressure; the 
lower, the blood pressure (cat). LN 


‘al artery opened at a 
and allowed to bleed until b, y 15 per cent. gum-arabic 


solution in tap water was Zich) until the blood pressure 
rose to its original height. Vir intra-ocular pressure follows 


the blood pressure SCH ad then falls. (Duke-Elder.) 


clinically when a higl 4} pressure is accompanied by a 
normal or a low ingTagetular pressure : it will be dealt with 
more fully in a st point chapter (p. 184). In many condi- 
tions of hyperpi , especially when they are complicated by 
arter RS the evidence points to the capillary pressure 
ly low and the blood supply to this region of 


being AN 
the EN ion being poor, the apparent anomaly being pre- 
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sumably due to the block offered to the free passage of blood 
by the thickened state of the arterioles (Foster Moore, 1917). 
The dissociation of the intra-ocular pressure from the general 
pressure and its association with the capillary pressure can 
also be observed experimentally ; for example, after the 
exhibition of amyl nitrite. This drug causes a fall of blood 
pressure and, at the same time, a dilatation of the capillary 
bed, and if the latter be examined microscopically, as in 
the skin of the ear of the rabbit, its state of dilatation is 
seen to correspond closely with the accompanying rise of 
the intra-ocular pressure (Duke-Elder, 1925). 

Variation with the Colloid Osmotic Pressure. —Since the 
capillaries are freely permeable to crystalloids, and these 
substances, therefore, distribute themselves in equivalent - 
proportions between the aqueous humour and the plasma, 
the difference in osmotic pressure between these two fluids 
can only be altered for any length of time by varying the 
relative concentration of their colloid constituents. If an 
animal be partially exsanguinated and the blood volume is 
made good by an equivalent quantity of siological 
mixture of colloids and crystalloids, so CA osmotic 
conditions remain unaltered, the intr ar pressure is 
seen to follow the varıation in igs pressure in every 


respect, and to return with it to t rmal level (Fig. 37). 
| If, however, the blood volume i good by the injection 
| of a saturated solution of gui arabic, the concentration of 
| colloid is greatly increased, K, consequently, the difference 
| in the osmotic pressu LÉI the aqueous and the plasma 

(which difference, ei have seen, depends upon their 

relative colloid cols is correspondingly increased. The 

intra-ocular Br the level of which is determined by the 

capillary pressure less this difference, therefore falls (Fig. 38). 
Conversely Nhe blood-volume after exsanguination is made 
up by, tonic saline solution, the colloid content of the 
blo GE, decreased, and the intra-ocular pressure 
EN re rises to approach more nearly the hydrostatic 
Kä 
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level in the capillaries (Fig. 39). Similarly, if the colloid 
content of the aqueous is increased by partially replacing 
the normal fluid under constant pressure conditions by a 
ceolloid-rich fluid, the intra-ocular pressure shows a steady 
and gradual rise towards the level of the pressure in the 
capillaries (Fig. 40). All these changes are, of course, quite 
independent of the blood pressure. 

Variations in Volume Pressure.—Since the external coat 
is practically rigid, the intra-ocular pressure may also be 


25 mm 
T.o p. 18 Hg. | 


mm. Hg. 


Fic. 40.—Variation of the intra-ocular pressure on changing the 
colloid content of the aqueous. The upper curve represents 
blood pressure; the lower, the intra-ocular pressure (cat). | 
Two needles were inserted into the anterior chamber, one con- | 
nected with a reservoir of physiological saline, the other with a | 
reservoir of gum arabic (15 per cent.). During interval 


was perfused with saline, which replaced the aqueous 
ocular pressure thereafter remained constant. 
eye was perfused with gum arabic solution, whi 
aqueous; the intra-ocular pressure thereaf 
the experiment the blood pressure reh 
constant ; if anything, it fell. (Duk Ee}. 


eplaced the | 
se. During i 
d practically 


varied by altering the volume occ d by any of its contents. 
A dilatation of the capillaries rks about a large rise of 
pressure, and their contracti corresponding fall. This is 
ed by, the same agencies as 
ing with changes in the capillary 
ge in the quantity of aqueous has a 
be seen in the fall in the intra-ocular 


associated with, and is œ 

we have considered in N 
blood pressure. 
similar effect. A m 
| pressure whic 


furs after the expression of some of the 
s by the application of external force to 
| the N uch an effect is made use of clinically in the 

EN tension by massage. Largely through the same 


So 


intra-ocular 
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influence the intra-ocular pressure can be varied quite 
independently of the blood pressure by the injection into 
the blood stream of anisotonic salt solutions. Im these 
circumstances the eye shares in the general state of 
osmotic hydremia or depletion which the injection induces 
over the whole body. 

When isotonic solutions are injected into the blood stream 
the osmotic conditions are not upset, and the intra-ocular 
pressure merely follows the changes in the blood pressure 
induced by the injection (Fig. 41, a). When, however, hyper- 
tonie saline is injected, fluid is drawn from all the tissues in 
the body, including the eye, in the attempt to dilute the 
blood and keep its osmotic balance constant. Conse- 
quently, after a preliminary variation with the blood 
pressure, the intra-ocular pressure rapidly falls, and remains 
at a low level for some considerable time (Fig. 41, b). Con- 
versely, on the injection of hypotonie solutions into the 
blood stream the whole body, including the eye, becomes 
waterlogged and the intra-ocular pressure rises again inde- 
pendently of the blood pressure (Fig. 41, EN That this 
pressure variation depends in large ER n the change 


Fro. 41 (a). 


OSMOTIC INFLUENCE 


Fia. 41 (c). 


Fro, 41.—The variation of the intra-ocular pro KA on altering the 
osmotic pressure of the crystalloi kthe blood. The 
ordinates represent pressures. Col > arterial pressure 
in millimetres Hg (graphed in ARDE , and venous pressure 


in millimetres saline on same Sal raphed in crossed line) ; 
column II, intra-ocular pressure millimetres saline (graphed 
in heavy line); column urine in drops per minute 
(graphed in dotted line he abscisse represent time in 
minutes (cats). 

(a) Control. During inte , 30 c.c. of a normal (0-9 per cent.) 
saline solution 3 d intravenously. The intra-ocular 
pressure clea thg ood pressure. 

(b) During interval 5 c.c. of a hypertonic (30 per cent.) saline 
solution injGeed intravenously. The intra-ocular pressure 
follows t od pressure initially and then falls. 

(c) During j al A, 25 c.c. of a hypotonic (0-3 per cent.) saline 
sol te ried intravenously. The intra-ocular pressure 
f N he blood pressure initially, and then rises. 

(Duke-Elder, Brit. Journ. Ophthal., 1925.) 
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in the quantity of the intraocular fluids can be shown by 
estimating the quantity of water by weighing the eye before 
and after drying at a high temperature, in one eye before 
the experiment is commenced, and in the other eye after. 
the injection. The length of time, however, over which the 
lowering of pressure extends seems to point to the fact 
that this comparatively simple mechanism is complicated by 
more complex physico-chemical changes of an osmotic nature 


Meg TEG 
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Fic. 42.—Variation in volume me of the vitreous with pH (rabbit). 
(Duke lder.) 


occurring in the vitr hich have as yet remained com- 
pletely uninvestiga 

Little, so fay nown of the influences governing the 
variation of the me of the vitreous and lens in physiological 
and pathola&@al conditions. Of these two the most unstable, 
and th re the most important, is the vitreous, whose 
lar NN ume makes small changes in it readily effective, 
for WS to be remembered that it occupies four-fifths of the 
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globe. These changes are largely. concerned with the 
complex reactions by which a colloid system responds to 
alterations in the concentration of the hydrogen ions and 
salts in the fluids bathing it. The vitreous is a gel, and our 
knowledge of the turgescence and the turgidity pressures of 
gels is as yet by no means as extensive as we might wish. 
One of the most potent factors which determine variations 
in the volume of such a system is the quantity of water 
it retains in association with its colloid molecules. This 
variation as it is effected by changes in the reaction is seen 
in Fig. 42. The curve was obtained by measuring with a 
mercury manometer the volume-pressure generated by 
immersing vitreous, freshly taken from the excised eye of a 
rabbit and confined in a porous chamber, in a buffered 
solution of phosphates whose reaction was made to vary 
from pH 3-0 to pH 8-0. It is seen that the isoelectric point 
of the colloid system of the vitreous is pH 4-4 (cp. Meesmann, 
1925). At this point ionisation, conductivity, osmotic 
pressure, and turgescence are at a minimum. In the normal 
state, when the pH is from 7:5 to 7-7, the vitre 
a condition of partial swelling, and any vari 
hydrogen-ion concentration from the normal, e 
or away from the isoelectric point, will 
volumetric changes in it. Thus in condiX 
where the pH rises higher than T) ue, the degree of 
turgescence will increase and N -ocular pressure will 
tend to rise. Similar considera€ty s apply to the colloid 
system of the lens. These lems are just beginning to 
attract attention, and theik Action is as yet by no means 
elucidated ; experimented Nr on these lines, correlated with 
clinical observations-irtQsses of disordered tension, promises 
a wide and fruitfulNisld of inquiry. 

The Compens€Oy Mechanism.—It is to be remembered 
that in the ngQN state these changes in the volume-pressure 
are largely Se by the expulsion of some of the 
aqueous) e lens and vitreous swell and partially fill up 
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the anterior chamber. The pressure equilibrium in the 
region of the canal of Schlemm has already been dealt with 
in a previous section, where it was pointed out that while 
normally the venous pressure in the exit veins was higher 
than the intra-ocular pressure, under conditions of raised 
tension this relation was reversed and an outflow of fluid 
was thus rendered possible. By means of this safety-valve 
action the aqueous humour will thus act as an elastic cushion, 
tending to maintain the chamber-pressure at its normal 
level. If, however, the swelling is great, the anterior 
chamber may be abolished, in which case an acute rise of 
tension will be produced ; and, again, if the exit channels are 
rendered inefficient, a gradual rise in pressure will result at 
a much earlier stage. Not only may the aqueous be pushed 
out, but the uveal blood channels may be compressed, in 
which case the feeding arteries will pile up pressure to 
maintain the circulation at a higher level, until eventually 
their effective pressure may be reached and finally overcome ; 
in the first case the tension will be SEL? raised, in 
the second the eye will be strangulated. 

It is thus seen that the factors SS variations to 
which the intra-ocular pressure is FERSY very complex 
in nature, and involve many more c SS than the 
general arterial pressure. Much d: will require to be 
done before the matter has Nadequately elucidated. 
Hitherto the view of the SphYsiologist, that the intra- 
ocular pressure varied wid) the blood pressure alone, 
could not in any sens Bs adapted to conform with the 
experience of the ch 1. The tendency, therefore, has 
been for the latter ridge over the gap by postulating a 
hypothetical s ‘Dry energy to whose influence could be 
ascribed the Kody seemingly inexplicable variations which 
were brot before his notice. A broader and more 
philoso Q view of the matter, however, seems to suggest 
tha her the maintenance of the intra-ocular pressure at 
its Sn high level, nor its variations under 
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physiological or pathological conditions, necessitate the 
postulate of such a source of energy. Rather are there more 
than enough and to spare of physical forces already known, 
but as yet hardly explored, in the physico-chemical equi- 
librium of the eye to account for all the phenomena met 
with both in health and in disease. 


Tonometry 


The Value of the Tonometer.—It cannot be too strongly 
emphasised that the tonometer is not an instrument of 
accuracy in recording an absolute measure of the intra-ocular 
pressure. The pressure of the contents of the eye keeps the 
cornea and sclerotic in a state of tension. The tension is 
certainly due to the pressure, but it is neither identical to it; 
nor does it vary proportionately with it. It is not possible 
here to go fully into the principles involved in the relation 
between the two; an exposition of the mathematical con- 
siderations of the problem has been given by a sion 
Walker (1922), and their mechanical applications Xp been 
dealt with very fully by Priestiey Smith (19 x@s). It is 
the tension of the outer coat of the eye whic ES tonometer 
records, but even in this it cannot chh accuracy or 
finality. Actually it is the Ee the eyeballthat 
is measured. With a perfect tonom this would be done 
exactly, but, even so, the sich only be deduced from 
the impressibility, and the psesSure of the intra-ocular 
contents inferred from the te 1. The deductions and the 
inferences depend on "ee? se value is difficult to assess, 
and no matter how wid Stee are founded on experimental 
determinations, inakmpch as the results are based on 
averages compougded from data with a wide individual 
variation, they ent, always remain as approximations and 
must always @Nolve uncertainties. 

In ade Vd to varying with the chamber-pressure, the 
oo he tonometer vary with the curvature of the 
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| 

surface upon which it is impressed. In comparing two 

|| eyes, although they may have an equal intra-ocular pressure, 
| a larger eye has a tenser coat than a smaller one; and in 
| | the same eye, where the internal pressure per square milli- 
metre is the same throughout, the sclerotic is more tense than 

the cornea because of its larger curvature. Even in the 

same cornea discrepancies may be involved, for the curvature 

of different meridians may vary from 0°5 to 2 mm. The 

character of the surface introduces further variations, since 

the less extensible the coats of the eye the greater the rise 


instances, these considerations at once discount the value of 
readings in conditions where the tunics are rigid, in conical 
cornea, in staphylomatous states, in buphthalmos, and in 
microphthalmos. Moreover, inaccuracies depend on the 
weight of the instrument, on the manner of its application, on 
the time during which it is applied, on the number of readings 
which are made, and on the efficiency of the drainage system 
of the eye. Further, the rise of chamber presgure under a 


| 
| 
| 
| 
| 
given weight varies with the form and ext Ko the surface 
bearing on the eye—the smaller the sur, the greater the 
rise. With a flat surface the deflects under the same 
- pressure are greater than with a con fare, and a still greater 
difference is found with a cony, Ns The influence of 
capillarity associated with t KA athing the cornea intro- 
duces a further error, aig small one. Finally, a greater 
source of uncertainty ligin the translation of the degree of 
deflection into milling Hg. This is done by calibrating 
the instrument manometer inserted into the eye. 
Discounting ungMpidable experimental errors in the com- 
parison, the dc? on which the tonometer is regulated should 
| resemble. e which it is subsequently to test, and the 
opportu s for experimenting on the living human eye are 
negli . Usually the testing has been done on animals, 
o KS the dead human eye. In both cases discrepancies 
| Sch introduced : in the first, many conditions are different, 
| 
| 
| 
| 


of chamber pressure under a given weight. To take extreme i 
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such as the size and shape of the eye and the thickness of its 
coats; in the second, the character of the sclerotic has 
changed, and the degree of impressibility of the dead eye can 
bear no accurate comparison with that of the living organ, 
with the channels of drainage of the intra-ocular fluids altered 
by death, with the equilibrium at this point upset by the lack 
of a venous pressure, and in the absence of a turgescent and 
resilient uveal blood reservoir. Further, the values finally 
adopted can at best be merely averages of the original read- 
ings, and inasmuch as the variation of these is by no means 
inconsiderable, to this extent they must always remain as 
approximate equivalents. Once a pressure graph for a 
standard tonometer has been obtained in this manner, it 
is ideally essential that all the tonometers subsequently 
made should act alike. Unfortunately this is far from being 
the case. Only approximate mercury equivalents can 
therefore be given, and the value of these will depend, not 
merely on the accuracy of the mechanism of the instrument, 
but also, and essentially, on the tests by re) was 
regulated. 

It therefore appears that eyes having the sa EA 
reading have different internal pressures, a= showing 
different readings may have the sank Pressure, while 
equal increments of weight may ind equal increments 
of chamber pressure in different KON even in one and 
the same eye. In the scientific e, therefore, the tono- 
meter is not an instrument of ge£uracy, and as an instrument 
of relative accuracy its Ge to the comparison 
of the two eyes of the Se ndividual at the same time, 
or of the same eye _agyWiferent times, provided that their 
condition is not wddly different in the first case or does 
not greatly altgyjn the second. However this may be, 
as a cClinicalcysstrument its use and value are un- 
doubted. Mi margin of error within which the records 
cf a soa trument lie is much smaller than the margin 
of N associated with most clinical methods. It is 
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significant that those who have perfected the various types 
of instrument (Schiøtz, Bailliart, etc.) have expressly offered 
their readings merely as approximations, and they, at any 
rate, are not responsible if others have attached too precise a 
value to them. 

Types of Tonometer.—Within the last few years many 
types of tonometers have been suggested, few of them with 
any special virtue to recommend them. The most highly 
perfected instrument is probably that of Schiotz, which is 
based on the lever principle. It was originally introduced 
in 1905, and has been improved from time to time up to the 
present day. Instruments of somewhat similar design, 
differing only in details, and less carefully standardised, are 
those of McLean (1919), Brown (1920), and Wendt (1925). 
A tonometer working against a standardised spring on the 
aneroid principle was introduced by Albarenque (1917), and 
an instrument of a similar nature has been elaborated by 
Bailliart (1923). A maximum tonometer was introduced by 
Bodenheimer (1923), and a mercurial one,\wherein the 
displacement of the piston was actually none in milli- 
metres Hg, by Cohen (1921). Of these most useful and 
best known types are those of Schiet; Bailliart. 

The Schiøtz tonometer is probabl4\Me most accurate one 
at our disposal. The een plunger are registered 
and magnified by a lever, agd standardisation has been 
earried out with great ca N The original approximations 
were somewhat too lo, ha the revised graphs (1924), 
which were wane rom observations on dead human 
eyes in situ, appe Gp as accurate as can well be obtained, 
and, indeed N needs require. These apply to the 
instrument Lyra with a convex surface on the plunger 
which is» 8»lied to the eye. In 1926 the instrument was 
further @y roved, in addition to minor alterations, by the 
intra tion of a concave plunger. Priestley Smith (1923) 
hi Nun that in order that a given weight may be balanced 
ch the cornea the supporting area must be the same, and 
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in order to obtain this area the convex plunger must sink 
more deeply and impress the eye further than the concave 
one. The principle is illustrated in Fig. 43. From this it 
follows that with a convex plunger and a relatively small 
weight one can deal with a large range of tensions more 
accurately in the lower ranges of the intra-ocular pressure. 
It is in the middle and lower ranges of the variations of 
pressure that fine discrimination is important. It matters 
little whether the tension is 80 or 90 mm. Hg (Schiøtz), but 
a great deal whether it is 30 or 40 mm. In addition, the 


dur 


Frc. 43.—A comparison of the amount of E a caused by 
equal weights upon an impressible surface. In (a) Kg ace 


of the membrane is concave, in (b) it is convex. In ea A the 
plunger sinks into the surface until it is support BS mn” area 
which balances its weight. In each case the s ‘ting area 
is the same, but to obtain it the convex plyyo®r must sink 
more deeply than the concave. (Schiøtz, B Sne Ophthal., 
1927.) Ö 


convex plunger provides less rig Q 'auma to the cornea, 
an excess of weight is no longepNXcessary, and the trouble- 
some addition and removal_9f “weights which complicated 
ıent is done away with. The 
alled the X-tonometer,! the 


the use of the previous oh 


new (1926) instrum 
general plan of whic NM different from that of the well- 
known older en 

If the tongmeter of Schiøtz is the most accurate, 
the tonometry” Bailliart 2 (1922) offers many advantages 


I Ee Se Diplomingenieur Arnt Tandberg, Langesgate 7, Oslo. 
A7 e through Masters, Ltd., London. 
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in the ease of its clinical application. It is illustrated in 
Fig. 44. It is constructed so that the piston works against a 
standardised spring, whose excursion is recorded by a lever 
as in the aneroid barometer. 
Not only can it be used 
vertically, as the instru- 
ments based on the Schiøtz 
principle must be, but it 
can also be used in the 
horizontal position, with 
the patient sitting or stand- 
ing. To equalise the read- 
ings in the vertical position 
with those in the hori- 
zontal, a correcting device 
is added, whereby a collar 
on the stem works against 
a second spring. The scale 
is calibrated against read- 


nd a separate plunger 
a second scale is pro- 
x vided so that the tension 


can be measured, if neces- 

a Q sary, on the sclera. It is 

Fro. 44.—Bailliar Le therefore easy to apply, 

N easy to read, it can be used 

without char in) he position of the patient, and when 
applied to th erotic an anesthetic may be avoided. 

Anesth &3.— Owing to the fact that holocaine does not 

dilate OP! it is frequently advised as an anesthetic for 


+ 


NSS y in those cases where glaucoma is suspected. If, 
how er, the corneal epithelium is inadvertently abraded, an 


-Myuius, K. Zeitschr. f. Augenheil 


TONOMETRY 183 


opaque incrustation sometimes remains, extending into 
the corneal tissue, which, although it grates on being 
touched by a knife, cannot be scraped off. Mylius (1925) 
has investigated the chemical nature of this deposit, and 
concludes that it is the result of the precipitation of the 
free aniline base of the holocaine by the alkaline lacrimal 
secretion reacting with the alkali in the tissue of the cornea. 
This reaction is prevented by the presence of a very weak 
acid, and therefore it is advisable, as a precaution, in all 
cases, but more especially when a concave plunger is used 
with a nervous patient, to instil a few drops of weak acid 
(0-5 per cent. acetic) into the conjunctival sac before 
employing the tonometer. 
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CHAPTER VI 
DISEASES OF THE EYE 


1. THE PATHOLOGY OF THE CIRCULATION 
High Blood Pressure and Arteriosclerosis 


THE phenomena associated with a persistent elevation 
of the blood pressure—the causes, the effects, and, conse- 
quently, the rational treatment of the condition—may be 
regarded from two different standpoints, which bear some- 
what different interpretations. On the one hand, a raised 
blood pressure may be considered as the expression of the 
effect of toxic influences acting over the whole extent of 
the arterio-capillary bed, which ultimately results in the 
establishment of permanent changes, in the t of hyper- 
trophy, and in the vessels of degeneratio1 
an impairment of function and the devel 
of ill-health ; while alternatively, it 
essentially a compensatory proces ing to maintain the 
equilibrium of the circulati the face of primary 
functional or structural defe¢¢s ‘Hf the tissues. 

The recent physiologicalQy rk on the factors regulating 
the vaso-motor equilibrigM of the circulation by Anrep and 
Starling (1925), Heri 924), Nash (1926), and Daly and 
Verney (1926), aN e researches on the action of pressor 
and were nces conducted by Major and Stephan- 
son (1925) (g line), Cash (1926) (renal substance), Nazum 
(1926) (ten), James, Laughton, and Macallum (1926) 
(liver sus) nce), and Best, Dale, Dudley and Thorpe (1926) 
(higie and choline), have tended to confirm the general 
EN of clinical opinion, which at present seems inclined 


us leading to 
nt of symptoms 
be looked upon as 
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towards a combination of the two views (see Rolleston, 1927 ; | 
| ` _ MacWilliam, 1927, etc.). While our knowledge of the 
causation and mechanism of high arterial pressure must be 
admitted to be very defective, the state of hyperpiesia seems 
to be the manifestation of some underlying disorder— | 
metabolic, renal, dietetic, toxeemic, infective, or psycho- 
logical—which causes an over-activity primarily of the 
raso-motor centre by nervous or chemical pressor agencies. 
In some cases the accompanying degenerative changes 
in the peripheral vessels may be a consequence of the raised | 
pressure, in others they may be a concomitant effect of the 
same underlying cause, while, again, such changes may | 
be the expression of a process of general senile decrescence 
altogether unassociated with an abnormally elevated 
pressure. | 
Be this as it may, it seems to be established that there 
| are two distinct conditions : sclerosis without high blood 
pressure at any stage, and high pressure without sclerosis. 
The two, it is admitted, usually occur together, and in its 
later stages persistent high pressure seems to legt\\to the 
pathological changes which are recognised as a AN 
(primarily occurring in the media); but the erosclerotic 
| changes (essentially in the intima) as: ted typically 
with the decrescence of senility ( Hat) sd not necessarily 
be accompanied by any semen pressure. Indeed, 
the extended researches of Mott Have shown that changes of 
this nature may progress in NER circulation to such 
a degree that the defectiv Qörculation induced by them 
may lead to dementia wi any rise of pressure, while | 
the observations of e and Walker (1924) seem to 
y analogous condition of advanced 


sclerosis 


| suggest that a pr 
| sclerosis er a SCH arterial pressure, may exist in the 
retina. 
Since thex changes occur essentially in the | 
RS wioles, their presence tends to prevent the free | 
PAG blood to the capillaries, and recent observations | 
D I 
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seem to point to the existence of two types of high arterial 
pressure: one with an accompanying high pressure in the 
capillaries, the other without it and rather associated with 
a deficient capillary circulation. Of these two it is probable 
that the latter is potentially the more dangerous, for while 
a healthy capillary is an efficient and purposive mechanism, 
capable of responding adequately to a high pressure and a 
wide range of stimuli (Krogh, 1922; Lewis, 1924, etc.), it 
has been shown that a damaged capillary no longer remains 
inviolate to the passage, first of the proteins and other colloid 
substances, and then of the formed elements of the blood, 
whose escape in the retina is recognised in the first case as 
exudates, and in the second as hemorrhages. It seems to 
follow that the rational treatment of the hyperpietic case 
in the stage before structural change has established itself, 
is to produce a lowering of the pressure by eliminating its 
toxic cause ; while, on the other hand, in those cases where 
structural changes are the essential element, or in all cases 
where these changes have advanced so far as to cause a 
deficient capillary circulation, injudicious att, ts to lower 
the arterial pressure and establish readjus at a normal 
level máy well lead to symptoms of d s, or even to a 
complete breakdown by lowering st#AWürther the already 
inadequate standard of capillary shment. 


O 
Su, 


Retinal oat tg Ba Exudates.— Foster Moore (1926) 


has pointed out t morrhage from the arterioles is 
rare in the eye. ike the brain, aneurysmal dilatations 
here are by ker common, and it is probable that it is 
only in infect!weendocarditis and other cases of septicaemia 
and pyz where large and sudden infiltrations of blood 
occur i e vitreous, that vessels of a calibre larger than a 
ca give way, owing to the lodgement in them of emboli. 
H rrhages from the venules occur when the venous flow 
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| from the retina is obstructed by some generalised disturb- 
ance as coughing, vomiting, or the compression of the head 
at birth; or from some local cause outside the eye, as 
papillædema, subarachnoid hemorrhage, or thrombosis of 
the cavernous sinus ; or from some cause within the eyeball 
itself, as when venous thrombosis occurs, when the veins | 
are obstructed by endophlebitis or by the pressure of a | 
thickened artery. | 
It is essentially from the capillaries that the hæmorrhages 
of pathological interest originate, and the mode of their 
occurrence can in large measure be deduced from the mass 
of knowledge which we have seen in a previous chapter 
has been placed at our disposal by physiologists within 
recent years. The very essence of capillary function is | 

| that it should allow the freest possible interchange 
between the blood and the tissue-fluids, permitting the | 
passage of the diffusible substances in both directions, but | 

retaining the colloidal constituents and the formed elements 

of the blood. The very essence of retinal hæmorrhages is 


pressure in itself. Lewis (1924) has shown that Whe” skin, 
where the pressure in the capillaries is norm; ow, these 
vessels are capable of dealing actively witl 
100 mm. Hg; in the eye, therefore, whe ey are adapted 
to a much higher equilibrium level Ch 40), it is probable 
that hemorrhages are not caused ially by an increase 
in hydrostatic pressure, but, togey er with exudates, are 
the result of injurious Droge s affecting their walls, or 
are an expression of defec a through them, so 
that their endothelium 3 are Foster Moore, 1916-26). | 
Such will allow, dere case, the formation of fibrinous | 
exudates, and, in allgther, the leakage of whole blood, in a 


manner RNA to the mechanism we have.seen in a | 
previous cha N be responsible for the formation of the 
In contradistinction to the mechanism 


| plasmoid 
of the ss ral hemorrhage which occurs in the larger- 
SV 
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sized arterioles, and is the result of a high blood pressure 
bursting a vessel weakened by arteriosclerotic change so 
that it cannot withstand stress, or, at least, change of stress, 
retinal hemorrhages are more of the nature of a capillary 
leakage, and appear to have little immediate relation to the 
height of the pressure in this part of the circulation, which in 
these cases is probably below the normal level. 

These hemorrhages from the capillaries may be broadly 
divided into three classes t :— 

(1) Hemorrhages occurring in disorders of metabolism : 

nephritic, diabetic, and arteriosclerotic (hyperpietic) ; 
(2) Hæmorrhages occurring in atherosclerosis (senile) ; 
(3) Hemorrhages occurring in diseases of the hemato- 
poietic system, as the anezemias and leucamias. 

The first of these are very probably due to the deleterious 
action of circulating toxins on the endothelial cells of the 
capillary walls, and when arteriosclerosis complicates the 
picture, an impairment of the functional integrity of the 
endothelium, due to deficient circulation, must be added as a 
contributory cause. In the second class, this |¢s\pbecomes the 
most important factor; while the ike ge cause of the 
hemorrhages in the third class appears e a defect in the 
nutrition of the endothelium as t of the depleted 
quality of the blood, or perhaps fr Ne) efective oxygenation. 
None of them is to be constr ra ti , pressure extravasation 
of blood, and the treatmen l of them is to be directed 
to the primary metabolic Sa cause. 


The Fate of Retina @emorrhages and Exudates.—The 
detailed clinical obs jons of Foster Moore (1916-26) have 


1 I am follow? ai of Clifford Allbutt (1921) in differentiating 
between We lg and atherosclerosis. Arteriosclerosis affects 
primarily the mè, and may entail secondary fibrotic changes in the 


intima. ey denotes the atheromatous changes which occur 
primarily he intima. Arteriosclerosis is a secondary degeneration 
followi Aen of hyperpiesia conditioned by a toxic cause, and 

II classed here with renal and diabetic conditions. Atherosclerosis, 


ther. 
o N her hand, seems to be a local expression of the general decrescent 
ch s of senility. 
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thrown new light upon the fate of retinal hemorrhages and 
exudates. He believes that all of them simply fade away, 


required for the disappearance rent types of retinal 

hemorrhage. The time given ; from the occasion when 
| the hæmorrhage was first O Small deep hæmorrhage | 

disappeared in eight weckaes B, Flame-shaped hemorrhage, 
thirty days. C, An ir r hæmorrhage, seven weeks. | 
D, What appeared as globules of blood in the retina ; 
still present and b Herif at all, changed two years and | 
ten months ater N The area mottled with blood at the d 
end of four mmm F, Disappeared in three and a half 
months. G, Sigh traces after three months. H, Completely 
gone in & months. (Foster Moore, ‘“ Medical Ophthal- 


| Fic. 45.—A composite diagram to illus 


mology,” .) | 
| gradually, ming smaller, and undergoing no further | 
chang our. It is easy to calculate the precise time of | 


| the incidence of the retinal hemorrhages which occur in the | 
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new-born, whose common occurrence both in man and in 
animals has been definitely established by Jacobs (1924), 
Metzger (1925), and Juler (1926). The observations of the 
last of these show that the disappearance of such a hemor- 
rhage may take place in an interval so short as four days. 
On the other hand, where they are extensive, as, for example, 
after venous thrombosis, Foster Moore has found them 
visible for months or years. At the same time, unless the 
external limiting membrane is lacerated, no matter how 
large or profuse they may be, they tend to pass away so 
completely that not even pigmentary changes result ; those 
changes which are commonly seen to follow at the macula 
appear to be of degenerative origin rather than a residue 
from the blood (Williamson-Noble, 1923). Similarly with 
exudative patches, the larger the mass the longer it takes 
to become absorbed ; a small patch may disappear com- 
pletely in fourteen days, while a more massive one will 
show comparatively little change for several months. 
Fig. 45 indicates the rate of disappearance of the various 
types. In each case, of course, fresh hemorrkäiged)and fresh 
patches are liable to occur, but the individ Wpxtravasations 
clear up so completely that the part of NEE previously 


involved assumes a normal TS 

Arteriosclerotic, Renal, and Di etinitis.—From the 
foregoing considerations it wqulW.gppear that the essential 
difference in the etiology so retinitis which complicates 
arteriosclerosis, diabetes, enal disease may be less than 
has been supposed. e reme view has been put forward 
by Batty Shaw (192 625) arteriosclerotic and renal retinitis 
are KEE the appearance of the hemorrhages 
and the white (pagthes and the changes at the disc in the 
former diffeping from those in the latter only in being 
the SE slower and less concentrated action of the 
RN he blood. Foster Moore (1923), on the other 

han Sa that a distinctive form of retinitis develops 
S e cases of arteriosclerosis, due primarily to the local 
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impairment of the. capillary endothelium from its deficient 
blood supply, and holds that this type can be distinguished 
ophthalmoscopically from, and carries with it a better 
prognosis than renal retinitis. Similarly Garrod (1920), 
with considerable reason, expresses doubt as to whether 
a retinitis due to diabetes alone ever occurs. Certainly, in 
cases where retinal disturbances complicate this disease, 
albumin as well as a high blood pressure usually complicates 
the clinical picture, and in young subjects, in whom the toxic 
elements are manifested in their most malignant form, 
retinitis does not occur (Wagner and Wilder, 1921). On 
the other hand, Foster Moore (1925) contends that there are 
features which, whilst they are not pathognomonic, form a 
picture which is characteristic to such a degree as to enable 
one in some cases to say with assurance that the condition 
is due to diabetes : the appearance and location of the waxy- 
looking exudates and the circular hemorrhages, and the 
absence of a star figure, of cotton-wool patches, and of 
pigment spots in the later stages. 

We have seen that the basis of the pathology wt three 
is in all probability the same ; in the majorit & he cases 
of either kind a high blood pressure exists albumin is 
present in the urine, and it certainly ISNA case that in a 
large number of them. a dogmatic diägdosis is impossible 
from ophthalmoscopie appearanges ne. Further, in a 
tissue so highly differentiated che retina, it is only to be 
expected that different toxins,gctthg upon it would produce 
pathological alterations of ien related type, the nature 
of which would be det e rather by the structure itself 
than by the causal 2805 > such, at any rate, is the inference 
one would draw one to reason by analogy from the 
closely related ‚effect of many various toxins on another 
organ similar, beet Ab kidney. At the same time 


it is reason to suppose that the deficient circulation in 
EN sis may tend to introduce differentiating pecu- 
liarities, 


> 
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nd that in diabetes the upset in the water-balance, 
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which in the lens gives rise to acute myopia, and later to 
diabetic cataract (see p. 230), and in the posterior epithelial 
layers of the iris produces an cedematous disturbance, should 
not be able to influence in a similar manner the backward 
continuation of this layer in the retina, endowing on occasion 
the manifestations of the disease in this tissue with clinical 
characteristics of its own. 
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2. GLAUCOMA 


The composite congeries of diseased conditions whiah have 
the common feature that their clinical manifest@Qods are 
to a greater or less extent dominated by an i WERT in the 
intra-ocular pressure and its consequences till far from 
elucidation, despite the perennial am Q of work and 
speculation which is always being ERE upon it. Two 

nd each of them 
unphilosophical—have contributeg\to the sterility of the 
results. To a large extent af r&tsed intra-ocular pressure, 


Le 


the most prominent featur 1e clinical picture, has been 
Gi ing considered as a symptom, 
treated as if it were the disease- 
process itself. CH nvestigators and students of the 
subject, moreov ave looked for an explanation along 
anatomical While to a large extent this may be a 
rational mean in many cases of secondary glaucoma, 
in the Rus disease the causes are almost certainly 
aay N more subtle. Furthermore, even were it so 


seized upon, and instea 
it has been regarded ; 
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accepted, pathological anatomy has often suggested an 
interpretation which has been unjustified. To trans-quote 
from Clifford Allbutt in another connection: as it is 
chancy to catch an (eye) in an initial stage of defect, but 
easy to lay hands upon it in the ultimate issue, so we are 
apt to make too much of the ruins in which the meta- 
morphoses characteristic of the organ have vanished. 


Pathogenesis 


The pathogenesis of glaucoma is unknown ; nor, indeed, 
is the phrase justified, unless on the understanding that it 
embraces the »tiology of many diseases, each of which is 
characterised by a common symptom. All pathological 
processes are ultimately aberrations of physiological pro- 
cesses, and in the present fragmentary state of our knowledge 
it seems most useful to consider the recent work carried out 
upon the subject in the light of the physiological principles 
which we have seen in a previous chapter control the 
maintenance and variations of the intra-o ar pressure. 


We take it, then, that the intra-ocular N are in equi- 
librium with the capillary blood, that DS deit of the 
intra-ocular pressure is maintained A he level of the 
hydrostatic pressure in the Lu less the difference 
between the osmotic presse xy the plasma and the 


aqueous, and that it is varie Sn factors which alter 
either of these two quantitfkg, or which increase the volume 
pressure of the contents the globe. Further, we take it 
that these changes compensated within limits by an 
escape of aqueoys our through the safety-valve action 
of the canal of S@aTemm and the other venous exits; but 
in as far 


wis mechanism is rendered insufficient or 
hathological changes, so will these alterations 


no 
in Eey end to become cumulative and permanent., 
ood Pressure and Vascular Conditions. —In the 
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not an essential, nor even an important factor in the etiology 
of glaucoma. The earlier investigations of Craggs and 
Taylor in 1913, and of MacRae in 1915, have been con- 
firmed by such observers as Wischnewski (1924), Kahler 
and Sallmann (1925), and others, and it may be taken that 
while the two—a high blood pressure and a high intra- 
ocular pressure—are frequently associated and are to a 
certain extent interrelated, the relation between them is 
accidental rather than essential. The explanation follows 
from the considerations dealt with in the previous section : 
the intra-ocular pressure depends on the capillary pressure, 
and a high arterial pressure is frequently accompanied by 
a low capillary pressure. Recent physiological investigations, 
however, have stressed the fact (see MacWilliam, 1925) that 
while in the normal individual the regulating mechanism is 
very efficient and the blood pressure is kept at a remarkably 
constant level, in the high-pressure subject this mechanism 
has ceased to be adequate, and the pressure, in addition to 
being maintained at an abnormally high level, is sukject to 


sudden and extensive variations excited by infl eS SO 
slight as to have little recognisable effect in normal 


person. To this extent, therefore, a hyperpie¥« Wiathesis will 
predispose to an acute crisis in the eye. 

Moreover, it is certainly true the aucoma is very 
frequently associated with EE e arterial system, 
most usually of a widespread natu, Charlin (1923), indeed, 
from an extensive clinical study, @ncluded that 90 per cent. 
of such patients showed @)-marked degenerative and 
diseased conditions in th Scular system. Such changes 
are a constant index Neral deterioration in the tissues, 
and it has been trgtty\said that a glaucomatous eye is “a 


sick eye in a sick by. 


99 


We have séepOthat, inasmuch as its influence is less 


adequately ped down by a vaso-motor mechanism, the 

venous ëch re in its variations is more closely connected 

EN üNtra-ocular pressure than is the arterial. It follows 
13—2 
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that a local interference with the venous return readily gives 
rise to a glaucomatous attack, as witness its occurrence in 
cases of tenonitis (Seefelder, 1924; Larsen, 1926) or of 
sinus infection (Guist, 1925). An acute case reported by 
Gazepis (1923) showed the connection very clearly, wherein 
the venous pressure was suddenly raised to an extreme 
height by a rupture of the carotid artery into the cavernous 
sinus. Magitot and Bailliart (1925), in fact, have gone so 
far as to elaborate at length the thesis that the essential 
cause of glaucoma, treated as a whole, is a locally increased 
vascular pressure due primarily to venous congestion, the 
result of periphlebitis, which they claim in these patients is 
constantly present, mainly in the anterior ciliary veins, and 
also in the vortices. 

The influence of both the arterial and venous pressures 
acts largely as their effects are manifested in the capillaries, 
and to their influence must be added the many and as yet 
little understood factors which control the independent 
activity of the capillary circulation itself. These comprise 
physical, nervous, chemical, hormonal, Ñ psychical 
influences. The tendency for the oc nce of acute 
glaucoma in persons of an emotional oe has long 
been recognised (see Almedida, Sealinci, 1924 ; 
Besso, 1924), and of recent ho) dër, amount of attention 
has been devoted to the ztiollgi} ash of the part 
played by the endocrine grob, of glands and their association 
with the sympathetic nervets system. Hamburger (1920) 
considers glaucoma e ially an expression of some such 
irritating influenc he central nervous system. Bilger 
(1924) regards ee y as a vaso-neurosis, comparable with 


migraine oi C5 aud’s disease; and many writers have 
ascribed KA ease to a loss of equilibrium between the 


glands of\p¥ernal secretion—Hertel (1918), Paltraca (1921), 
NN -24), Csapody (1922-23), Freytag (1924), Bilger 
RD Scalinei (1924), Brana (1925), and others. The case 
ch hese glands has been most adequately put by Lagrange 
RN 

Se? 
NN 
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(1925), who insists that “ at the base and at the beginning 
of every primary glaucoma there is an intervention of the 
sympathetic nerve.” The general conclusion appears to be 
that an upset of the equilibrium in the direction of vagotonia 
(e, such as is exemplified typically by a decrease in the 
function of the thyroid) predisposes towards a glaucomatous 
condition, which is followed by phenomena due to the 
subsequent action of the sympathetic. Whatever be the 
intimate nature of the reaction—and it can only be expressed 
as a vague and indefinite association—there is no evidence 
of any mechanism other than vaso-motor being called into 
play. 

The Osmotic Pressure.—The osmotic pressure of the blood 
forms the second factor, which together with the hydrostatic 
pressure in the capillaries, is responsible for the maintenance 
of the intra-ocular pressure at its normal equilibrium. We 
have seen in a previous chapter that it may be divided into 
two fractions—the osmotic pressure of the crystalloids, and 
that of the colloids; and since the capillary walls are freely 
permeable to the former, only the latter can ke any 
permanent influence on the pressure-level in th There 
appears, however, to be a tendency to hyp icity in the 
blood of glaucomatous patients, an oce rey e which may 
be correlated with the rise in ocular tgngion found on the 
intravenous injection of hypotonic © ns. Thus Hertel 
and Citron (1923) concluded that Re otal osmotic pressure 
of persons suffering from glaucoRgd was less on the average 
than that of healthy people; @yessure of over 6,000 mm. Hg 
was found in 63 per cent Dy persons, and in 16 per 
cent. of those with gl a, and a pressure lower than 
5,600 was never m Q in those with a normal intra-ocular 
tension, while it Air in 45 per cent. of the glaucoma 
cases. Their NL agree with those of Ascher (1922), who 
found that (Sodium chloride content of the blood was 
END 1 these cases (normal, 0-5-0-6 per cent.; 
glaucomafeus, 0-4-0-5 per cent.), for it is to be remembered 
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that the largest moiety of the total osmotic pressure is due 
to the concentration of this salt. Pletnewa (1923) also 
considered that there was a definite connection between the 
concentration of the blood and the intra-ocular tension, but 
his clinical investigations produced indeterminate results. 
The difference in the colloid osmotic pressure between the 
aqueous and the plasma can be altered so as to raise the level 
of the intra-ocular pressure by decreasing the amount of 
proteins in the blood or by increasing it in the aqueous. 
The protein content of the blood, however, is not readily 
susceptible to clinical variation, so that the first of these 
alternatives is not likely to have any great importance in 
the etiology of the disease. It is not surprising, therefore, 
that those investigators who have gone into the question— 
Serr (1925), Dieter (1925)—have found that there was no 
characteristic change of this nature in glaucomatous patients. 
An increase in the protein content of the aqueous, however, 
is a common accompaniment of inflammatory states and 
cases of intra-ocular hemorrhage and thrombogis, and is to 
be associated with the increase of tension wero here, 
its influence in raising the level of the Prey N equilibrium 
more nearly to the height of the capj 
enhanced by the obstruction to RE e exit of fluid to 
relieve the rise in pressure AO albuminous nature of 
the aqueous humour will bri out. For many years 
Troncoso has insisted that Au increase in the albumin in 


Oo. essure being 


the aqueous was of very cOa#mon occurrence in all cases of 
glaucoma, and the re observations of Thiel (1922-24) 
on the ready entra fluorescine into the chambers of 
the eye, even in 


‘Ty and insidious stages of this disease, 
seem to lend gou€nance to the suggestion by demonstrating 


an increased deefee of the permeability of the capillary walls. 
+. 


The V e Pressure.—Owing to the small distensibility 
rotic, any increase in the volume of the contents 
obe entails an increase in its internal pressure. Such 


rease may be due to a dilatation of the capillaries in the 
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uveal circulation ; this occurrence is usually accompanied by 
a rise in the capillary blood pressure, and it is caused by 
the same factors which we have considered in this connection. 
Such a dilatation is believed by Magitot (1917) to be the 
essential cause of all rises of pressure. It certainly is so in 
some cases, but that it need not necessarily be always so 
under experimental conditions is seen in the lowering of the 
intra-ocular pressure which accompanies capillary dilatation 
after the intravenous injection of hypertonic solutions, and 
that it often is not clinically, is demonstrated by the thin 
and atrophied state of the choroid in the eye of chronically 
raised tension, where the blood vessels have obviously been 
subjected to an obliterating pressure by something else. 
There are thus conditions where the state of turgescence of 
the uveal tract is inversely proportional to the tension of 
the eye. 

The general appearance of a typical glaucomatous eye, 
with the anterior chamber shallow and the lens and iris 
pushed forward, strongly suggests that one of the major 
factors in the etiology is an increase in the voluı yo 
by the vitreous. The vitreous is a gel, and the ed deeg 
nant of the variation in the volume of schen. is the 
amount of water it retains in associati with it, which 
depends largely on the concentration < 
electrolytes in the fluids bathing 1 


‚upied 


drogen ions and 
nis matter is only 
beginning to receive attention ; an, so far, the effect of the 
first of these only has been inv ney rated. We have already 
seen that the iso-electrie pç Kot the colloid system of the 
vitreous is pH 4-4, at whj ont the osmotic pressure and 
the turgidity are at a mum. In the normal state, when 
the pH is 7:5 to 77; Ms in a condition of partial swelling, 
and in conditions d@alkalemia, when the pH rises higher 
than this Are) he degree of turgescence will increase 
(see Fig. , This turgescence may progress to such an 
extent Wivexpel practically all the aqueous and abolish 
the CH chamber, and to force out the blood from the 
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choroid until eventually, when the effective pressure of the 
arteries is overcome, the eye is strangulated. These changes 
in turgidity pressure of the vitreous have been studied by 
Baurmann (1925), while Meesmann (1925) found that in a 
series of clinical cases, the pressure of the eye varied directly 
with the reaction of the blood. This result was corro- 
borated by Gala (1925), who found a condition of increased 
alkalinity in the vitreous of patients with glaucoma. 
On the other hand, Hertel (1921) failed to find any connection 
between the reaction of the intra-ocular fluids and the intra- 
ocular pressure; and Schmelzer (1927), in a more extensive 
investigation into the condition of the blood of such cases, 
found no abnormal alkalemia in glaucomatous patients, 
and, further, that when experimental alkalosis was induced 
by forced respiration, or by the ingestion of large quantities 
of sodium bicarbonate, the intra-ocular pressure remained 
constant. He therefore concluded that there was no 
relation between the reaction of the blood and the pressure 
in the eye. The whole question is in need of thorough 
investigation. It is only to be expected geQat negative 
results would be obtained clinically in so ases, for it is 
to be remembered that, whatever concl may be reached 
in the future, all, or even most of th nifestations of this 
disease cannot be assigned to one xO cause ; and even if 
a swelling does occur, provided it channels are efficient, 
the increase in volume of tHg vitreous will be compensated 
within very wide limits ba decrease in the volume of 
the aqueous. Q 

In the work ig Den done on this subject there is some 
doubt as to the N anism of the rise. Meesmann (1925) 
attributes it la o alterations in the state of the exit veins 
preventing thea of the intra-ocular fluids, but the experiments 
of Domingugz (T926) on the excised eye seem to suggest that this 
eannot pe Omain action, and rather indicate that the vitreous 
itself is i cated. 
e N, ory of M. Fischer, that glaucoma was an “ oadema ” 


nt on hyperacidity affecting the vitreous, is untenable. 
A Nice at Fig. 42 shows that such a swelling does occur in 
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extreme degrees of acidity, but these are far beyond any which 
can be realised in vivo. Any increased turgescence which can 
occur within the limits of clinical variation can only be due to 
the opposite condition of alkalemia. Fischer’s experimental 
evidence has been finally controverted by Hertel (1921) and 
Nakamura (1925). 

Just as glaucoma has been attributed to senile changes in the 
lens, so its dependence on processes of a like nature occurring in 
the vitreous has been suggested (Dunn, 1922). Verhoeff (1925) 
has suggested that these changes are a result of the retention of 
mucin and fluid in the vitreous, owing to an increased impermea- 
bility of the anterior hyaloid membrane and the vitreous body 
itself. This cannot be said to have any conclusive evidence, 
experimental or clinical, to support it, and the very existence 


‘of a hyaloid membrane is extremely doubtful. Kerry (1923-25) 


believes the main cause to be an infection giving rise to increased 
tension in the vitreous. 


Since the classical researches of Priestley Smith, the 
gradual growth of the lens with advancing age and the 
consequent embarrassment. to the free flow of fluid at the 
angle of the iris have always been associated with the 
incidence of glaucoma. It is to be remembered, however, 
that the colloid system of this tissue is subject t same 
physico-chemical laws which control the beh N of the 
vitreous, and that it is similarly susceptible relling and 
turgescence. Vogt (1922) and the writer re noted such 
a thickening of the lens in observatior the slit-lamp in 
cases of glaucoma. 

The Failure of the Efficiency ofxthe Drainage Channels.— 
We take it that the safety-vaQ action of the canal of 
Schlemm in the normal eye dent: with the normal pressure 
circulation of the N fluids, and compensates for 
any sudden increase i volume-pressure of the globe. 
To a large extent pan thus acts as an elastic cushion, 
whose volume vari versely with the intra-ocular pressure. 
When, howev Ser efficiency of this mechanism is thrown 
out of RA Qčther it be by the formation of peripheral 
synechi clerosis of the pectinate ligament (T. Hender- 
son, N the deposition of iris pigment in its meshes 
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(Koeppe, 1916; Schieck, 1918; Levinsohn, 1918-22), or 
by a defective inward pull upon it by the ciliary muscle and 
the elastic tension of the lens (Herbert, 1925), then this 
compensation breaks down, and any rises of pressure tend 
to become cumulative and permanent. Each or all of these 
factors may exert an influence, perhaps a deciding influence ; 
but in primary glaucoma many considerations—the shallow- 
ness of the anterior chamber, the evolution of peripheral 
synechis as observed by the gonioscope, and others—point 
to the fact that obstruction to the exit of fluid is a secondary 
and adjuvant factor in the etiology of the disease, rather 
than the primary one; a consequence rather than a cause. 
Further, the gonioscope (Troncoso, 1925) has demonstrated 
that, in life, in some cases of glaucoma, the angle of the 
anterior chamber may be perfectly and entirely free. 


It will be seen that each one of these factors has been seized 
upon by some individual investigator, and has been saddled with 
the onus of being the cause of glaucoma generally. At one time 
it has been the capillary circulation, at another, venous con- 


gestion, or the endocrine glands, or osmotic pressa, or changes 
in the vitrecus, or changes of one kind or anoth&cNat she filtration 
angle, and so on. The adoption of such : sition is quite 
unphilosophical, and implies shutting one’s to the composite 


nature of the problem. 

Further, in these preceding remark en is regarded as 
a pressure symptom merely. Ina ability it is much more, 
but, in the present state of our dge, to treat it as such 
seems the only course to pure For example, the same or 
parallel physico-chemical pr es which produce changes in 
the physical equilibrium of the vitreous and lens may as well, 
and as reasonably, der: Le the still more complex physico- 
chemical basis of the ı anism which converts radiant energy 
into nerve impuls Q e retina, and which mediates the 
functional activity the nerve fibres in the retina and optic 
nerve. A serie o ases like those reported by Pickard (1925), 
wherein a cuppiggJof the disc resembling cavernous optic atrophy 
was Re Bi by symptoms akin to glaucoma without 
detectable De in the intra-ocular pressure, is difficult to explain 
on the (es lines. Experimental evidence also (Samojloff, 
192% Groner, 1925) seems to suggest that the formation and 


de ment of scotomata are not entirely dependent upon 
Sy ire, but in some cases, at least, are due to changes in the 
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fluid traffic of the retina; and clinically the progress of the 
symptoms does not run by any means parallel with the tension, 
and frequently continues after its efficient relief. 


Diagnosis 


Several points in the diagnosis of glaucoma have been 
clarified within recent years. The value of the gonioscope 
of Troncoso in the accurate observation of the exact state of 
the structures at the angle of the iris and the formation and 
extent of peripheral synechiz, and its aid in the decision as 
to the probable value of miotics. or an iridectomy, or a tre- 
phine operation in dealing with the condition. have been 
dealt with in a previous chapter. The differential diag- 
nosis of pathological from physiological halos has also 
been mentioned, when it was pointed out that the former 
were due to fluid droplets percolating through Bowman’s 
membrane along the tracks of the nerve terminals, and 
inducing an cedematous state of the corneal epithelium, 
a process which also gives rise in large part to {he dis- 
turbance of the transparency, the GE fe the 
epithelial surface, and the anzesthetic state of lg baue, 

An increased permeability of the AS diagnostic 

iel (1922-24). 


sign of glaucoma has been suggested RE 
by the mouth, 


Sodium fluorescine is given to the pe 
and its appearance is looked for in aĝucous by means of 
the slit-lamp. In the normal eyeSqone i is detectable, but in 


iritis and glaucoma this writer Orne that a fluorescence 


is visible in the pupil. Pstatistical material was not 
large, but the effect may, rrelated with the contention 


insisted upon by Tron so for more than twenty years, 
that an almost ir 


Jle occurrence in such patients is 
od (albumin) content of the intra- 
ocular fluids, ; fluence which he assumed to be largely 
responsibl the rise in tension. The value of the sign, 

e ‘hiel, is especially great in the early stages of 
night ee and in the examination of those cases 


an increase in the 


accordir 
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where the fellow eye shows as yet no clinical evidence of 
involvement. 

Disturbances of the Iris Pigment have been recognised for 
many years to complicate the later stages of glaucoma when 
atrophic processes have set in. Koeppe (1916), however, 
claims that such changes occur in the pre-glaucomatous 
stages, before the onset of tension, and that their recognition 
by the slit-lamp may form a sign of great value in the 
incipient stages of the disease. His observations have been 
confirmed by Schieck (1918) and Gradle (1921), while Pesme 
(1924) insists upon their early occurrence and their com- 
pletely different nature from the pigmentary disturbances 
that accompany iritis. It would appear that signs of 
atrophy of the iris are present from the earliest stages, and a 
discharge into the anterior chamber of a fine cloud of dust- 
like brownish particles occurs, which become deposited on 
the surface of the iris, the capsule of the lens, and the 
endothelium of the cornea. Their deposition in the angle 
of the anterior chamber and the consequent hin s to 


the drainage channels forms the basis of Leygitsghn’s (1922) 
| theory of the causation of glaucoma. Vog however, 
considers -that they occur anche ni age, and the 
pathology of these changes cannot, nsidered as being 
yet settled. 

Variations of Intra-Ocular a refinements 
in the measurement of the GE tension have already 
been referred to (p. 177), a ese have been taken advan- 
tage of in the introductig@of several tests which demonstrate 
an early failure in hanism which, in the normal eye, 
maintains the RN“) at a constant level. Thus, in the - 
normal s tension should not differ materially 
between the t®øg eyes, and should not vary within appre- 
ciable limi different times of the day, on the adoption of 
the hor} al position, or on the exhibition of miotics, while 
it N normally be considerably lowered by a moderate 

t of massage (Colombo, 1924; Thiel, 1925). In cases 
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| 
of glaucoma, however, where the regulating mechanism has 
become inefficient, an amount of massage which in the 
normal eye would lower the tension by one-half has com- 
paratively little effect (Wegner, 1925); and the vascular | 
congestion induced by decubitus may raise the tension some | 
6 mm. Hg (Thibert, 1922; Thiel, 1924; Bailliart and 
Lavat, 1924). According to Thibert, this reaction is 
pathognomonie of this disease, and can be demonstrated in 
the absence of any other prodromal sign. The curve of 
the diurnal variation of tension in glaucoma is also character- 
istic, and has been investigated by Köllner (1918), Amsler 
(1922), Thiel (1925), Hagen (1925), and others. Differences 
in the ocular tension in the morning and in the evening are 
almost entirely lacking in the normal eye, but in the glauco- 
matous state the increased congestion and the cessation 
of muscular movements induce a rise during the night 
culminating in the early morning, and the opposite conditions 
during the activity of the day give rise to a progressive fall 
to a minimum in the evening. As Hagen points ‚out, in 
glaucoma simplex the evening tension is very ently 
subnormal, and often the whole curve lie ow the 
normal level. In the diagnosis of early 
not the absolute tension which is ir nt, so much 
as this diurnal variation, and Hag nsiders that in 
insidious cases this characteristic Dok tly appears before 
any other sign of disease is event objectively or sub- 
jectively. 

The Light Sense as it is af od in early glaucoma has been 
the subject of SE arch by Waite, Derby, and 


Kirk (1925). A 


The investigation this sense may be conveniently divided 
into two ET enon ding on whether the studies are carried 
out in light-agk tion or dark-adaptation. In the photopie 


coma it is 


eye the ligh erence is studied, while the main objective in 
dealing e scotopic eye is the study of the light-minimum. 
This Lee the smallest quantity of light which can be perceived 
as EN ss light, and is not to be confused with the point at 


> 
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a higher intensity at which colour is first perceptible (colour 
| minimum), or that at which form is first apparent (acuity 
| minimum). 


| Using a source of light of great uniformity, and a projection 
system allowing a smooth and flexible variation of intensity 
over a range of 300,000 to 1 (see Fig. 464), and employing 


A 


LIGHT SOURCE (Luy 
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Fic. 46.—The light ı glaucoma. 


A. Schematic diagram of the pha) arrangement for measuring 
the light sense. The de? is self-explanatory. The 
intensity of light is "zer without changing its chromatic 
nature by adjustable paire photometric wedges, which allow 
a smooth and flexi ariation of intensity over a range of 
300,000 to 1. koj Derby and Kirk, Trans. Ophthal. 
Soc. U.K., 192 


EN 
adequate phys AD physiological, and psychological methods 
of control, wNb/the pupillary aperture standardised by pilo- 
carpine pion these investigators were able to find at 
the lo yQ) ensities of illumination at which they worked, 
no deen alterations in the light difference, either in 
| eN) or in advanced glaucoma. In established glaucoma, 
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however, they found that the rate of dark-adaptation was 
invariably retarded, and that the ultimate light-minimum 
was considerably raised (Fig. 468). More important, in 
glaucoma suspects, before there was any definite clinical 


16 is 20 Ke 4 30S 
TIME in MINUTES 


Fro, 46.—The light sense in g xO” 
B. Comparative curves of the lght äh The ordinates 


represent units of brightness. I Ee pe eae intensities 
of a sufficiently low v alue withoy£kaving recourse to fractions, 
a new unit of measurement S employed, the ° micro- 
millilambert ” (u-m.l.). Its, taken to refer to the units of 
intensity at the screen, Mite, Derby, and Kirk, Trans. 
Ophthal. Soc. U.K., 19% 


two tendencies ar monstrable, although to a less marked 


evidence of the N results indicate that the same 
C 


degree, and ed Gepst that a delay in the development of 


dark- KIN and a dulling of sensitivity to dim light 
forms NY ‘ome of considerable value in the diagnosis of 


the dis in its prodromal stages. 
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Treatment 


| Since in primary glaucoma we are treating we know not 
| what, we have perforce to confine ourselves to the alleviation 
| of the most prominent symptom. In the majority of cases, 
| | whether the tension be controlled by miotics or by operative 
| | means—by an iridectomy, a cyclodialysis, or by the estab- 
| lishment of permanent drainage between the anterior chamber 
Ig and the subconjunctival space by cutting out a piece of the 
sclerotic, either by scissors (Lagrange), a trephine (Elliot) 
or a knife (Herbert)—although the immediate end may be 
successfully attained, the disease cannot be considered as 
cured. Of recent years two new methods have been used for 
temporarily lowering the tension—the injection of adrenaline 
locally and of hypertonic saline intravenously. 

Adrenaline Injection.—More than twenty years ago the 
experimental work of Wessely (1900) established the hypo- 
tensive effect of a local injection of adrenaline, and about 
that time the method was used by several clinicians in the 
treatment of glaucoma; Erdmann (1914) and Köllner (1918) 
| revived its use, and recently the extensiy coe ot of a 
burger (1923-25) has attracted a consi wie amount of 
attention to the matter. The latter Xe he drug injected 
sub-conjunctivally in doses of 0-2 to CO . after the previous 
instillation of holocaine and We) into the conjunctival 

sac. The technique has been Nsively followed by many 
authors (Gradle, 1924; Hégnann, 1924; Jaensch, 1924 ; 
Kayser, 1924; Kafka, 19) Thiel, 1924-25 ; Safar, 1925; 
Dominguez, 1925, an @thers). A method whereby the 
drug is used as ar bar injection in doses of 2 to 3 c.c. 


solution, in con] M on with novocaine, was introduced by 
en l 


Fromaget (1 nd has been applied by Aubaret (1923), 
Bailliart an ollack (1921), Liebermann (1924), and 
Bonnefon: 25). On its instillation into the conjunctival 
| in the form of drops (Knapp, 1921), or an oint- 
iel, 1925), or on a pledget of cotton wool (Gradle, 
, the same effect may be produced. 
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Recent work (Römer and Krebs, 1924; Oinuma, 1924, | 
and others) suggests that the action of adrenaline upon the | 
vessels is twofold, and is characterised by a contraction of | 
the arterioles accompanied by a dilatation and increased 
permeability of the capillaries. It follows that when it is 
administered to the normal eye there is an initial lowering l 
of tension, followed by a slight rise (Samojloff, 1925, and 
others). It would appear that in the first stages of simple 
glaucoma this reaction is retained, the fall of tension being 
the more evident, but that in the absolute or acute forms of | 
the disease, the opposite condition may develop. It is there- 
fore essential that the cases subjected to this method of 
treatment should be selected with considerable care, and 
the general result of clinical experience has been that, 
while in simple chronic glaucoma the tension is lowered 


for a period lasting up to four to six days, in the acute and 
hæmorrhagic and absolute types of the disease it should be 
avoided. Occasionally unpleasant systemic results follow 
the injection (Ring, 1925; Rentz, 1925; Mans, 1924), such 
as palpitation and dizziness, progressing even to < Se. 

The action of adrenaline, therefore, is ten Ge and 
auxiliary. It should be used after and K juvant to 
miotics, but, although it may postpone, € annot replace 
operation 

Osmotic Therapy.—It was poin d' in a previous 
chapter that the intra-ocular preßure could be lowered by 
producing a hypertonic state of@he blood. This fact has 
been known since the begin ben of this century, but it has 
only recently been emp as a means of therapy in 
glaucoma. For this NN ose Hertel (1915) employed an 
intravenous injecti oS to 200 c.c. of a 10 per cent. salt 
solution, and his t&ekfnique has been followed by Pletnewa 


(1923 one O (1925). Weekers (1923) employed small 
eer (5 30 per cent. solution, Larsen (1924) 
BEN the salt by the mouth, and Sansum (1917) 
used a p Seas and continuous injection of sugar. Employ- 


A.O, 14 


Sr 


210 GLAUCOMA 


VK 
Š Š ` 
z 9 4 
|| d d Gard N 
| va Cé Sue 
| 5 vy v y x 
Ss o od A UA a 
| z] o Og V 
| Q O t 9 4 
| um > 
| ug Q 
|| | 7%: E pc 
| | x H 
Hit | \ N 
| éo VEN 
Al || V 
| È 
| 
| | nm ng 5° | ; 
i] Schiöärz 
| 40 
| 
| 
I so 
| 20 
| 
i} so 
A 
Í 
| 2 BSE ELL S oe WOT Cte ANT GN I AB 20 ENDET ZEN ZU El 
| Hours 
| A. 
= 
= 
Vi 
SE 
7° ss D 
a nS N 
e | Deika 
a 
4 S 
so Se x 
MM. Ha x 
Schiör: 
Schiöfz Si Gi | | 
i & 
20 ð 


2 4 6 8 IZ ia 16 
O Hours. 
B. 


| 
| Fic. 47.—The react OF ihe intra-ocular pressure to intravenous 
| per cent. saline in glaucoma. 


injecg Q) 
N of a case of acute glaucoma. 


Se urse of a case of chronic glaucoma. 


(Duke-Elder.) 
ing sors of 1 c.c. per kilo body-weight (that is, an 
avera ult dose of about 50 c.c.) of a saturated solution 
X9 the writer (1926) obtained marked results both in 
cute and chronic forms of the disease (Fig. 47). 
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The effect of such an injection is largely due to the abstrac- 
tion of fluid from the eye, owing to the general osmotic 
depletion of fluid set up, but the fact that the lowering of 
the tension may persist on occasion for some days seems to 
indicate that physico-chemical changes in the vitreous may 


‘also be involved (Duke-Elder, 1926). Until its action is 


more intimately investigated it would seem premature to 
dogmatise on the indications or contra-indications of the 
method, but it would seem to form a useful temporary or 
emergency measure to be employed in conjunction with 
miotics to lower the pressure in tiding over a crisis, or as 
a preliminary to operation, thus allowing an eminently 
difficult procedure to become an easier one, and minimising 
the risks and discomforts attendant upon it. Care should be 
exercised as to the type of patient chosen for its employment, 
for the whole fluid traffic of the body is interfered with. The 
main danger to be avoided is a sudden fall in the blood 
pressure which may occur during the injection, but this 
is obviated if the injection be made slowly and regularly 
with the patient in the recumbent position ; vi? any 
untoward effects arise subsequently, they ~ readily 
combated by the free administration of . A less 
dramatic but more prolonged effect can O attained by 
giving the salt in larger quantities by_t outh, or by the 
rectum in the form of enemata ; whi resulting lowering 
of tension is made greater and mak lasting by the addition 
of some colloid (gum arabic) to th&Anjection solution, which, 
by increasing the difference ihe colloid osmotic pressure 
between the aqueous an asma, lowers the intra-ocular 
pressure still further N 171); 
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3. CATARACT Es 


There is no subject in the whole of ophthalmology 
which is more rapidly changing th (rat of the normal and 
pathological lens. The use ROT amp by the morpho- 
logist, the enlistment of the, bigchetnist for the investigation 
of biological problems, the ec of the embryologist, the 
speculations of the serologist¥and the ingenuity of the surgical 
craftsman have alike pired to revolutionise most of our 


traditional ERS f this disease. 


CR- Morphology of Cataract 


We haken in a previous chapter that the slit-lamp has 


SE an architectural structure of considerable 


c ity in the normal lens ; in a similar manner it has 


RY red possible the discrimination of a number of “ new ” 


ei 
Zi 
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types and variations of pathological changes in this tissue, 
In addition to this, it has made their study easily possible 
in their earliest stages, frequently before they can be seen 
by the ophthalmoscope or appreciated objectively by the 
patient, and at the same time it has permitted us to follow 
minutely the course of their development. The large amount 
of material which has accumulated upon this subject is due 
largely to the researches of Vogt and his school, whose work 
has been sifted and analysed, and in great measure con- 
firmed by a host of others in this and other countries. It is 
impossible to deal with the matter adequately here, and 
reference should be made to the larger treatises mentioned 
in the bibliography. Moreover, our knowledge is yet too 
immature to allow of treatment in any authoritative or 
final sense, and the classification adopted is merely to be 
taken as a temporary and imperfect makeshift. 


I. Congenital and Developmental Cataract.—Inasmuch as the 
embryonic lens, in common with the rest of the body, is trans- 
parent, congenital opacities in this tissue must always be 
aberrations of growth. They cannot be explained as reprasenting 
the persistence of any structures, and are not a f any 
normal stage in development (Mann, 1925). O paci Swhic sh lie 
within the embryonic nucleus! involve tne ear nel lens 
fibres ; in the morphological sense only need GE embryonic, 
for the involvement may not be embryonic i i ed or even ante- 
natal. If they arise during intra- rate all, they must lie 
within the foetal nucleus, or, at any rate Lë 2 the innermost part 
of the infantile nucleus. If, howeve are outside this, they 
cannot be congenital, although, of c aah they may be considered 
as developmental, since new am fibres are being formed 
throughout life. 


(1) Associated with tl Pri or fetal lens fibres. 
(a) The anterior e mbryonie ” cataract of Vogt (1919). 
1) 


— The opacity (Fig4 consists of anumber of small white 
dots, usually or in the neighbourhood of the anterior Y, 


sometimes c erably posterior to it, and is essentially 


non- BSS ENE and stationary. 


E 1 For terminology, see p. 97. 


4) 
we 


ENS) 


fic. 48, Nos. 1-6.—CONGENITAL AND DEVELOPMENTAL 
CATARACT. 


Fro, 48 (1).—Anterior axial “ embryonic ” cataract. 
(Mann, Trans. Ophthal. Soc. U.K., 1925.) 


2r—Disciform cataract. Fro 48 (3).—A suture cataract of 
lamilial cataract with the anterior Y. (Harrison Butler, 
amellar opacity. (Harrison “ Illustrated Guide to Slit-Lamp.” 
uMer, Trans. Ophthal. Soc. U.K., Oxford Med. Pub., 1927.) 
025.) 
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Fic. 48 (4).—Floriform cataract. Dif- 
fuse light coming from the left. On 
the left is seen the anterior shagreen 
of the lens in which some sutures 


shine through. The opacities are 
chiefly grouped around the sutures 
of the foetal nucleus. (From Koby, 
Goulden and Harris’s Trans., 1925.) 


Fro. 48 (6).—Lamellar cataract. Caused 
in an adolescent by a cerebral abscess. 
(The embryonic nucleus has become 


KM Se with “ Ihe, We too distinct in the process of repro- 
I Trans. Ophthal. duction.) (Harrison Butler, “ Illus- 


R KS 1925.) trated Guide to the Slit-Lamp.” 
Oxford Med. Pub., 1927.) 
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(b) A rarer form is a more profuse stippling of the foetal 
nucleus, or of the embryonic nucleus only, making a central 
opacity—cataracta centralis pulverulentia. Sometimes the 
stippling is disciform in shape (Fig. 48 (2) ), and, more rarely, 
a denser central opacity is connected by a prolongation with 
the capsule—fusiform cataract. 

(2) Associated with the sutures. 

(a) Stellate Cataract. A compact or snowy or feathery 


= opacity of the foetal Y-sutures themselves, probably develop- 


ing just before or after birth (Fig. 48 (3)). 

(b) Floriform Cataract (Koby, 1923). Mulberry-shaped, 
flattened opacities in the axial portion of the lens (Fig. 
48 (4)), typically in the neighbourhood of the anterior 
and posterior foetal sutures, but sometimes occurring in the 
cortex, where they seem to have developed some time after 
birth. 

(3) Associated with the lens substance and the capsule. 

Anterior polar cataract is usually congenital. The capsular 
portion may stand out into the anterior chamber as a 
pyramidal cataract (Beauvieux and GermaigN922; Mau- 
cione, 1924) (Fig. 48 (5)), which may N cdeiated with 
remnants of the pupillary membrane, c ital synechize, or 
traces of keratitis. The opacity i longed more or less 
deeply into the lens substance, aegre to the date at which 
it appeared, but the foetal nuc&u) never involved (Koby, 
1924). An optical section fSquently demonstrates that the 
extension into the lens sußstance may be made up of the 
fusion of several ban Gnd if normal tissue has been laid 
down between the fox opacity and the deep “ imprint,” 
the latter SCC date of the original disturbance. A 


similar poste olar cataract also occurs. 


(4) Assogjated with the capsule. 
Cong i ope cataract is rare. It is met with in the 


form ry white and (usually) small opacities associated 


RNY mnants of the pupillary membrane (Pesme and 
hdwliac, 1925), or with the remains of the hyaloid artery, 


SENILE CHANGES 


Fr, 49.—Lamellar separation and fluid vacuoles in the cortex. 
(Harrison Butler, Trans. Ophthal. Soc. U.K., 1924.) 


senile opacificatf6n of the lens. a is a frontal view; b an 
optical X ; p marks the border of the dilated pupil. 
Above, ities, chiefly club-shaped, of a coronary cataract ; 
belo le cuneiform opacities. In a, to the right, lamellar 
S i In b, in the middle, nuclear cataract involving 

e fœtal nucleus and leaving free a little central interval. 
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or complicating posterior lenticonus (Reidl, 1923). In the 
region of the cataract the normal shagreen is absent (Vogt’s 
sign). 

(5) Zonular (lamellar) cataract varies with the date of the 
disturbance of the development of the lens fibres ; usually 
it forms a wreath of scintillating particles near the surface 
of the foetal nucleus, and there is often associated with it a 
central disciform: opacity, and sometimes an anterior or 
posterior polar one (Fig. 48 (6)). The peripheral “ riders ” 
are often separated from the opaque zone by a clear space, 
presumably representing fibres which have been laid down 
more recently (Vogt). 

II. Senile Cataract—As the normal lens grows older there 
occurs a series of senile changes which may be considered 
physiological. A progressive increase in optical density and 
absorbing power gives it a yellow appearance in the beam 
of the slit-lamp, which is occasionally accentuated by the 
tint of tyrosine, indicating hydrolysis of the proteins ; while, 
if this substance is oxidised to melanin, black pigment is 
deposited. Shagreen becomes accentuate AY the relief 


of the surfaces of discontinuity in the Imker of the lens, 
particularly that of the adult BERS increased 
(see Fig. 23)—the sutures form proj ey s, the design of the 
fibres is marked off, and hemi ical projections, pre- 
sumably fluid vacuoles, appea the cortex large, clear 
clefts filled with fluid open ae sutures, and vacuolisation 


occurs, while the lamellee ome separated both here and 
in the nucleus (Fig. 49 

Accompanying tl »hysiological changes of senility, 
organic action Nee by the coagulation of the lens 


proteins, usuy Become evident to some extent. These 
take the for, well-differentiated morphological “* types ” 
(Vogt, 1 single one of which is rarely met with as an 
isolate currence, several being usually mixed together. 


n yay the distinctive characters of each are to some 
extent effaced and obscured by the progression of the others, 


TYPES OF CATARACT 


as well as by the accompanying senile changes of lamellar 
separation and vacuole formation (Fig. 50). 

Two pre-senile types occur :— 

(a) Coronary cataract. An annular zone of club-shaped 
opacities occupying the outer layers of the nucleus and the 
inner layers of the cortex. This is found in 25 per cent. of 
persons above puberty, and is very slowly progressive. 

(b) Dilacerated cataract. A thin layer of combed-out 
moss-like opacity in the deeper layers of the adult nucleus 
and the superficial layers of the infantile nucleus. 

The common senile forms are :— 

(c) Cuneiform cataract. Deep radiating plaques in the 
deeper cortical layers. 

(d) Dust-like cataract in the deeper cortical layers and the 
superficial parts of the adult nucleus. 

(e) Posterior saucer-shaped cataract, confined to a single 
layer in the posterior cortex near the capsule. 

(f) Nuclear cataract, consisting always of extremely small, 
dust-like spots. 

III. Traumatic Cataract is composed typically ferete: 
shaped cluster of drops of fluid situated immediately under 
the capsule in the posterior cortex (Fig. . Electric 
cataract and lightning cataract are simiemy composed of 
anterior or posterior subcapsular (o) (Koeppe, 1921; 
Gjessing, 1922 ; Igerscheimer, 1925€ Rranklin and Cordes, 
1925). 

IV. Radiational Cataract app to be formed when any 
kind of radiation is aksorb y the lens in quantity. It 
occurs readily on exposuy Dit rays, with difficulty 


by visible or ultra- ONS nd rarely by X-rays or radium 
emanations. Ind I it is most commonly caused by 
the infra-red, as 1 Jee (Fig. 52 (1)), when it is 
usually charac ed by a posterior, or, less frequently, 
by an anter j pacity, which is sometimes associated with 
changes N he anterior capsule, such as stripping of the 


zonular nella (Fig. 52 (2)) (see p. 23). 


Fie. 51.—Diagram representing the usual form of traumatic 
posterior cataract. It occurs as a rosette or star, the rays of 
which are marked by the sutures of the cortex. The design of 
the lens fibres inserted into the sutures is well seen. The 
cataract occupies a sub-capsular zone at the posterior pole of 
the lens. (From Koby, Goulden and Harris’s Trans., 1925.) 
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(1) 
Fro. 52.—Glass-blower’s cataract. 
NIE posterior opacity of glass-blowers’ cataract (optical 
ection, slit-lamp). 
The zonular lamella in glass-blowers’ cataract peeling off 
(seen with loupe). Compare Fig. 4. 
(Harrison Butler, Trans. Ophthal. Soc. U.K., 1925.) 


| 
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Fro. 53.—Cataract in a case of Mongolian idiocy. | 
(From Koby, Goulden and Harris’s Trans., 1925.) | 
| 

i 


Fre. 54 sterior cortical and capsular opacity. | 
(Harrisor Mer 


` Illustrated Guide to the Slit-Lamp.” 
Q Oxford Med. Pub., 1927.) 
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V. Cataract associated with Special Diseases.—(a) Diabetes 
is very commonly associated with a typical senile cataract, 
which in this disease tends to occur frequently and to mature 
earlier and more rapidly than otherwise. A true diabetic 
cataract—a definite clinical entity—also occurs, but very 
rarely (Schnyder, 1923). It is characteristic of the disease, 
and is composed of a rapidly-forming collection of fluid 
vacuoles immediately underneath the anterior or posterior 
capsule. It may develop acutely, often within a few days, 
and may occur in young subjects (eleven months— Major and 
Curran, 1925). 

(b) Aparathyroidea and tetany are frequently associated 
with fine, flaky or crystalline deposits, often arranged in 
concentric layers in the cortex, or with powdery opacities 
in the nucleus (Vogt, 1922 ; Knüsel, 1924 ; Heine, 1925). 

(c) Myotonia atrophica is characterised by small opacities 
forming a stippled design in the peripheral cortex (Vogt, 
1921; Adie, 1924; Heine, 1925; Kyrieleis, 1925 ; Scheffels, 


1925). 
(d) Mongolian idiocy is complicated by rele opacities, 
congenital in origin and usually develop about puberty, 


spread round the foetal nucleus, AS owing a predilec- 
tion for the sutures (Koby, 1924) o) 3). 

VI. Complicated Cataract app as faint, flaky opacities 
immediately under the ca “in the posterior cortex, 
multiplying towards the c&ytreof the lens, and, later, affect- 
ing the anterior cortex. (ording to Vogt, such a cataract 


has three De Qs: the opacity is never clearly 


delimited from the unding clear layers, but is submerged 


in a definite ha t progresses by leaps in stages ; and it 
gives rise ¥ Q bolychromatie lustre wherein a definite 
iridescence added to the zone of specular reflection 


(Fig. 54 
AN uired capsular cataract appears always: to be 
as 


ted with iritis and posterior synechiz (Russo, 1925). 


siderosis the epithelial cells form a row of small brown dots 
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immediately under the capsule; in copper depositions a grey 
cataract with a bright polychromatic lustre, usually in the shape 
of a sunflower, lies directly subjacent to the anterior capsule 
(Jess, 1922; Vogt and Knüsel, 1923; Clausen, 1923; Lederer, 
1923). 


VII. Secondary Cataract, besides being composed of 
remains of the capsule and of unabsorbed lens fibres, con- 
tains a large amount of pigment (Brickner, 1919) which in 
certain cases may increase remarkably, and new-formed 
epithelial cells, as originally described by Elschnig, rounded 
in form and perfectly transparent, whose proliferation in the 
form of bunches of grapes may be well seen in the fluorescent 
light of the ultra-violet slit-lamp (Thiel, 1925). 


The Lens Metabolism 


The Autoxidation System.—In order to understand the 
pathological process of cataract formation it is necessary to 
review the recent additions which have been ma 
conceptions of the metabolism of the normal 
essential reaction in all metabolic processes i 
process of oxidation and reduction, whicl 
body generally is in large part carried o1 he respiratory 
gases mediated by the blood stream. ddition, however, 
to this “ external” respiratory tetHanism, there is an 
“internal ” mechanism, recentl ucidated by Hopkins 
(1921), carried on by substance@%p the cells themselves which 
possess the property of ntaneous oxidation. The 
autoxidisable constituen iing cells is called glutathione, 
and it changes from ~1@guced form as it occurs in the tissues 
to an oxidised one, tkețhange involving the dehydrogenation 
(2.e., the oxidati@p) of sulphur from the SH to the SS 
form. 

There ai CR present substances, known as thermo- 
stable Ns; which are capable of actively reducing the 


reciprocal 
Poughout the 
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by a gradual an 


E de) should be consulted. 
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glutathione to its original state after it has been oxidised ; 
a combination of the two reactions thus gives a balanced 
autoxidation E maintained in a constant chemical 
equilibrium of the SH —— SS type.! 

Cascio (1922) claims to Fen Rive demonstrated the presence 
of oxidases and catalases in the lens, but, while these may 
have a secondary activity, as in the oxidation of certain 
fatty acids (Ahlgren, 1923), the work of Goldschmidt (1924) 
and Adams (1925) seems to indicate that the internal meta- 
bolism of the lens is carried on in large measure by an autoxi- 
dation system of this nature, wherein glutathione acts as the 
autoxidisable constituent and f-crystalline as the thermo- 
stable residue. The lens is an avascular structure, and 
this internal system, which elsewhere in the body is of 
secondary importance, presumably becomes the central fact 
in metabolism, and if it were destroyed or partially put out 
of gear, it would seem to follow that the transparency of the 
lens must suffer. 

The Lens Proteins.—The lens proteins have been investi- 
gated by Jess (1914), who found that A are four in 
number: “ albumoid,” a water-insolu O rotein, found 
especially in the nucleus ; two water, G. crystallines—a 
and B—found especially in the cor O and albumin in small 
quantity. The active constitu the internal autoxida- 
tion system are found in lar unt in the f-crystalline, 
in less amount in the a-cryStalline, while the ‘‘ albumoid ” 
contains practically none It is significant that with age 
the insoluble gen. reases and the soluble erystallines 
decrease (Jess, 192 process which is thus accompanied 

rallel diminution of the reactive elements 
7); while in cataract the same changes 


(Goldschmi 
also occurpth® reducing power decreasing with the state of 
maturi Name, 1925 


)- 


more detailed account of the mechanism involved the companion 
s in this series on Physiology (Lovatt Evans) and Biochemistry 
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The Pathogenesis of Cataract 


The Coagulation of Proteins..—The formation of an organic 
opacity in the lens is essentially a coagulation of the proteins 
of its fibres. Recent work has shown that the coagulation 
of protein is a complex process, which takes place in two 
stages: (a) denaturation, whereby the protein is chemically 
changed, probably by some process of hydrolysis, into a 
form in which its colloidal system becomes more labile; and 
(b) agglutination, a physical process whereby the denatured 
particles are aggregated into coagula. It seems most 
profitable in dealing with the etiology of cataract to con- 
sider how far the factors which influence the occurrence of 
these processes can be associated with pathological changes 
in the lens, 

The Factors causing Opacity—Coagulation of protein 
appears to be brought about under suitable conditions by 
any form of radiant energy—heat, visible light (Young, 1922), 
ultra-violet light (Clarke, 1922), and radium (Fernan and 
Pauli, 1915), and, moreover, by energy impa Do the 
molecules of the protein by a mechanical shock@y an undue 
strain (Bridgman, 1914). Corresponding] ataract has 
been produced experimentally by inf rays (Vogt, 
1918; Grinella, 1924; Muller, 19245 ee 1925; Duke- 
Elder, 1926). GEN were proc as isible rays in the 
middle of last century by severa}Qwiters, and Howell (1924) 
records their incidence in animals sensitised with hemato- 
porphyrin and exposed to ($C au The pathological 
change is difficult to AN th ultra-violet light, but it is 
possible in slight deg, Verhoeff and Bell, 1916; Chalu- 


pecky, 1918; Duk er, 1926). Moreover, while complete 
coagulation reqyires intense exposures to ultra-violet rays, 
after lesser expQgtfres the lability of the proteins is increased, 
so that the readily coagulated by other influences, such 


as char IH the salt concentration of the body fluids (Burge, 
~ ule, in addition, after radiation the efficiency of 
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the autoxidation system is materially lessened (Adams, 1925). 
Lastly, over twenty years ago, Birch-Hirschfeld and others 
induced cataract with the short waves of radium and X-rays. 


The theory most generally accepted regarding the action of 
radiant energy in the production of cataract is that it affects the 
ciliary body in the first place, and that the lens suffers a secondary 
degenerative change due to alterations in the “secretion ” of 
the aqueous humour or the production of toxins. van der 
Hoeve (1919) has extended this to account for the production 
of senile cataract by the light of the sun, the light being deflected 
on to the ciliary region by dispersion during its passage through 
the lens (see p. 25). Nutritional and toxic changes of this nature 
are certainly the cause of complicated cataract, but all the 
evidence of recent work seems to implicate the direct action of 
light upon the lens proteins themselves and upon the constituents 
of its autoxidation system, which presumably has more to do 
with the regulation of its metabolism than slight alterations in 


the dialysation of the aqueous humour. The objection raised to . 


this direct action of light—the slowness of the process—is com- 
pletely answered by recent work upon the dynamics of protein 
denaturation. Moreover, in those cases which might appear to 
indicate this indirect action most clearly (glassblowers’ cataract) 
the lesion in the lens in no way resembles a complicated cataract 
in its intimate structure as seen by the slit-lamp hurt 1923). 
(See further, Duke-Elder, 1926.) CG 


The coagulation of proteins is furtig& influenced by the 
concentration of hydrogen ions O The effect of the 
first of these on the metabolis Q e lens was stressed by 
Goldschmidt (1924), who sho that the reducing power 
of the lens disappeared at a s low as 7'0. The influence of 
the second is probably Sei d. Certain salts seem to have 
a sensitising effect e coagulation of protein by light 
(Schanz, 1915), IE ample of which, in the case of lens 
protein, the Ces inary effect of calcium salts as attested 
by Burge aKo) may be cited. This action appears to be 
similar tę influence of glucose and acetone (Schanz, 1915 ; 
Young, CPP). Apart from this, the salt concentration will 
a Spa effect, causing alterations in the fluid traffic 


h 
b n the lens and the aqueous. This process is materially 


s if the efficiency of the capsule as a semi-permeable 


O 
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membrane is interfered with, as occurs, for example, when 
the eye is radiated with thermal or abiotic radiation, or when 
its vitality is lowered by disease, or its continuity is broken 
by trauma. The mechanism of opacity formation by this 
agency seems, in the first place, to depend on the entrance 
of fluid in quantity sufficient to form vacuoles underneath 
the capsule and between the lens fibres. Since these are of 
a refractive index different from the lens substance, the light 
is dispersed and the lens, while the fibres are still clear, 
appears opaque. At this stage, if an opposite process can 
be induced, the vacuoles may be got rid of to a greater or 
less degree, and the “ cataract ” appears to improve, or to 
resolve, as is occasionally seen. in traumatic or diabetic 
conditions. Later, and more slowly, coagulation of the 
protein occurs, a process in which it is probable that one or 
all of the following factors act : a change in the reaction and 
in the concentration of electrolytes, the mechanical strain 
of the deformation of the fibres, and the diffusion outwards 


through the now “ permeable ” capsule of one or both of 
the active parts of the respiratory system—the ghaigthione 
or the f-crystalline. . 

The Clinical Occurrence of Cataract.— ough the 
process is not as yet by any means eluci , the various 
forms of cataract which occur clinicall to a greater or 


less degree be associated with one A r of these changes. 
As regards the factor of the ER H of radiant energy, the 
Cataract Committee of the Roy) ociety (1921) concluded 
that the evidence was strong] ¥@p favour of the view that heat 
was the essential cause formation of glass-workers’ 
cataract. The lentil eee found industrially in several 
instances where fr exposures to concentrated infra-red 
radiation are oe are in a similar case—iron-workers 
(Cridland, 1921 Cgchnyder, 1926), tin-workers (Healy, 1921), 
chain-workey' obera, 1921), and others. There is also a 


conside amount of evidence which associates the occur- 
nile cataract with the action of the long ultra- 


rence o 
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violet rays in sunlight, for, as we have seen in a previous 
chapter, rays from 3,000 to 4,000 A.U. are absorbed in con- 
siderable quantity by the lens. Finally cataract has been 
reported after therapeutic exposures to large doses of X-rays 
(Wilkinson, 1920 ; Dor, 1923) or the gamma rays of radium 
(Ascher, 1925; Salus, 1925). 

The action of osmotic influences is typically seen in true 
diabetic cataract. The writer (1925) has suggested that in 
the alteration in the fluid equilibrium accompanying the 
rising sugar concentration in diabetes, fluid tends to enter 
the lens. If the process is a relatively mild one, the lens 
swells and becomes deformed, and the eye becomes myopic ; 
if the change is greater, and the inflow of fluid more rapid, 
actual droplets are formed underneath the capsule, and the 
transparency of the lens is impaired by the irregular dis- 
persion of light at the interfaces between the two media of 
different refractive indices—aqueous and lens fibres. Such 
fluid vacuoles have been noted immediately beneath the 
capsule in acute diabetic myopia, and they are very evident 
in true diabetic cataract (Schnyder, 1923) en 
fluid traffic will, as we have seen, event gr ring about 
the formation of actual opacities in t ns, but if the 
disease be got under control in time a reverse flow of 
fluid be induced, in the first plac Ca hypermetropia 
occurs, and in the second, fer organic changes 
have not taken place, the $ubr&psular fluid droplets dis- 
appear and the cataract cleafs)tip, as was originally observed 
by Nettleship, and has re@ptly been confirmed by Nicholson 
(1923), Joslin (1924), ischer (1924).. A somewhat similar 
osmotic process is bly largely responsible for the forma- 
tion of the e QA of cholera, and the entrance of fluid 
mechanically tan the capsule is the cause of traumatic 
cataract. * ddition to this abnormal fluid traffic, the 
ction of glucose and acetone may also have an 
importance in the early and frequent incidence of 
ataract in diabetic states ; while the similar effect of 


sensitisi 
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calcium in other conditions is suggested by the occurrence 
of lenticular opacities in tetany,. myotonia, and apara- 
thyroidea, whether produced experimentally (Hiroishi, 1924) 
or met with clinically. 


The trend of recent research, therefore, seems to be 
towards the opinion that the coagulation of lens proteins, 
recognised clinically as cataract, is to be associated with the 
same factors which cause the coagulation of protein in the 
test-tube. Two processes, running parallel to each other or 
acting separately, are apparently implicated :— 

(1) The effect of radiant energy of any wave-length, acting 
upon the lens fibres, denaturing their proteins, either 
thermally or abiotically, and thus increasing the lability of 
their colloid system, and rendering them more prone to 
coagulation by other influences, such as changes in the concen- 
tration of electrolytes or in the reaction. These may act slowly 
over an indefinite time, or the second process may take 
place at a considerably later date than the initial process of 


denaturation. To the effect of radiant energy RA e lens 
fibres is to be added its action (as well as o 

metabolic or traumatic) in increasing the per, ility of the 
capsule and allowing the more ready ‘rence of the 
abnormal passage of fluid or electrolyte Nora also, in some 
rare cases, the influence of a specific sensitisation. 


(2) A derangement of the N n system of the lens, 


factors, 


caused either by the direct actio radiant energy upon the 
lens itself, decreasing its gl @yhione content, or wpon the 
capsule whose efficiency ig ered, thus allowing this sub- 
stance to escape, or erations in the concentration of 
hydrogen ions ana ZG induced by the factors already 
mentioned. 

To these m G) be added the influence of more subtle 
factors ins ble from the economy of so complex a 
physico ical mechanism as living matter ; but although 
much OR ne work referred to requires corroboration, and 


So 
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although more requires to be done before the thesis outlined 
above can be said to have a stable foundation—for some of 
its applications are admittedly somewhat speculative—at 
the same time it seems most profitable and fertile to try to 
elucidate these processes as far as possible, complex although 
they may be, by reducing them to the known laws of 
chemistry and physics. 


The Serological Properties of Lens Proteins 


Since Uhlenhuth in 1903 established the organ-specificity 
of lens proteins, a considerable amount of work has centred 
round the theory that cataract is an expression of the activity 
of some cell poison acting specifically upon the lens, and 
much speculation has been associated with the possible cure 
of the condition by organo-therapy. In certain individuals 
a local inflammatory reaction of greater or less severity 
follows traumatism to the lens. According to Verhoeff and 
Lemoine (1922) this is a result of hyperseı rity to lens 
proteins, which can be eliminated by suita SS. nsitisation. 
These writers use a solution of pg pig lens as a 
means of diagnosing this suscepti a in dermal or intra- 
dermal tests, as in the von Pir procedure, and they 
claim that a definite local rea N, obtained on the skin 
in those cases which show N of ocular inflammation after 
injury to the lens, either ac&idental or induced by operation. 
This inflammation res Go from the presence of free lens 
matter in the eye, term phaco-anaphylactic endoph- 
thalmitis. In ordgxX%o prevent its occurrence they advocate 
that hyperse patients should be desensitised before 
operation by a‘eéurse of intra-muscular injections of lens pro- 
teins, igh, operation should be postponed until the 

fully mature, or, alternatively, the lens should be 


catara 
PN d intra-capsularly. A. E. Davis (1922-25) has gone 


N 3 further, and has claimed that by the therapeutic injec- 
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tion of lens antigen, the progress of immature cataract could 
be retarded or checked, and formed opacities could be liquefied 
and absorbed by cytolytic action. Gifford and Steinberg 
(1925) obtained results similar to Verhoeff and Lemoine ; 
but Rötth (1925), on the other hand, was unable to obtain 
any general or local reaction on opening the lens capsule, 
and disagreed completely with the findings and the conclu- 
sions of the American writers. 

This action of lens proteins appeared to receive confirma- 
tion from the work of Guyer and Smith (1918-24), who 
claimed that the lenticular defects were transmissible by 
heredity. This has been discussed and criticised in a 
previous chapter (see p. 78), where it was pointed out that 
the results obtained by these investigators were evidently 
not caused by a lytic action of lens antibodies, but were 
rather of a more fundamental nature, being caused by a 
failure in the development of the foetal cleft. 

It can be taken as established that lens proteins are organ 
specific and species non-specific, and the work of Hektoen 
(1921-22), and Dolt, Flössner and Kutscher (1926 as to 
indicate that the reactivity applies especially BEN a- and 
b-crystallines. Further, there appears to ber@&"difference 
between the biological reactions of the fins in cata- 
ractous lenses and those of normal lng 3 chocppe, 1921). 
It has been shown that several spedies) ' animals can be 
sensitised to them (see Duke-Eldty, 1927, p. 20); but in 
animals so treated the eyes remaitQree from defects, and no 
lytic influence on the lens is @yonstrable. It is reasonable 
to assume that these angpieies can pass the placental 
barrier, but with the 


cting evidence available there 
is no justification f ` assumption that lens antibodies, 
which produce no SbServable effects on the eyes of the 
animals themsef which are sensitised, enter the foetus to 
produce ces either on the already developed 


latever in the germ plasm determines the 


eye, or 
BERN of the eye. 
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Medical Treatment. —From time to time, and with growing 
frequency within recent years, the “cure” of cataract by 
medical means has been advocated, the suggestions including 
such alternatives as the application of radium or ultra-violet 
light (which cause opacity), of massage or electrical treat- 
ment (which, if anything, will induce a traumatic cataract), 
the correction of refractive errors, the administration of 
iodine drops, and so on. It is true, as we have seen, I 
| that in some early cases of acute cataract (true diabetic, 
traumatic), when the process has not progressed to actual 


| 
| 
| 
| 
| 
| The Treatment of Cataract 


coagulation of the proteins of the lens, transparency may be 

recovered by controlling the exciting conditions ; it is also 

true that in all cataracts variations appear to occur due to 

changes in the fluid traffic and alterations in the refraction 

| of the unstable lens; but it is as certainly true that in 

| all cases an organic opacity, once formed, is immutable. 
Coagulation of protein is an irreversible chemical change. 

It seems not unreasonable to hope that, in t, uture, when 

| causing it has 

| le to prevent its | 

the present state of | 


our knowledge of this change and the fa 
been more fully developed, it may be 
incidence or delay its occurrence, 
our knowledge, while it is reason o attack and eliminate | 
any exciting cause that is Qo) or suspected, the only 
legitimate method of treatißgnti is operative removal of the | 
lens. 


Ki 
‚Hi Treatment 


Complet Ns by the V-shaped Method 


taract O iad been practised by Ziegler in cases of soft 
cataract: Dov er a quarter of a century, the operation of 
com liscission by the V-shaped method was first pre- 


The technique is simple, and can be readily followed 


| á D . D e 
Ke him in 1921, and, later, elaborated by him in 
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Fra., 5% mplete discission by the V-shaped method. 
A. The W Atd incision through the lens. ' 
B. The steps in the incision. 


C. a Win masses of swollen cortex after operation. 


(Ziegler, Trans. Ophthal. Soc. U.K., 1925.) 
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from Fig. 55, aand». A Ziegler knife-needle is inserted 
through the upper part of the cornea under full mydriasis, 
and the lens punctured with a quick thrust to the left of 
the centre, as low down as possible, care being taken to 
avoid injuring the ciliary body. With a sawing movement 
in line with the axis of the knife, the lens is then divided 
through and through into the vitreous, the incision being 
carried upwards as far as possible, and being made in 
such a way that no pressure is exerted upon the lens. 
The knife is then raised out of the rift in the lens, swung 
across to a corresponding point to the right of the centre, 
and the lens is again punctured and a similar incision is 
made, making two converging V-shaped cuts which meet or 
cross just inside the apex of the V. The knife is then with- 
drawn. The sawing movement should always be made in a 
straight line with the axis of the knife, so as to make a clean 
cut in the vitreous, and no pressure should be made at any 
time with the knife upon the lens. Frequently the loose 
cortex will shell out at the time of the operation, or 
the day following, giving the a ere in 


Fig. 55, c. 
Most surgeons are cautious and cope ative in planning 


their discissions owing to the dan CN complications which 
may be set up, such as iritis, vc and glaucoma. Ziegler 
holds that these are largely by acute pressure in the 
ciliary angle, engendered Xy the swollen cortex pressing 
against the ciliary body. 6) aen, however, both the anterior 
and posterior capsul @re ineised in this way, the cortex 
expands antero-po rly, and all -pressure at the ciliary 
angle is avoide ‘ intra-ocular tension after the operation 
is lowered ir Q of being raised and the risk of glaucoma is 
avoided, whNe/inflammatory complications and unnecessary 


the oli region. In addition, Ziegler claims that the free 


D + D D 
pain on in as far as these are due to pressure on 


d of opening the lens ensures rapid and complete 
tion of the cortex, that one operation replaces several, con- 
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valescence is greatly shortened, and cataract glasses can be 
ordered within a month. The freedom from complications, 
the rapid recovery, the mobile and symmetrical pupils, and 
the good visual results after refraction would seem to com- 
bine to make this the operation of choice in all cases of soft 
cataract, either congenital, juvenile, inflammatory or trau- 
matic, and, according to Ziegler, it can be employed from 
birth up to forty years. The absence of a reactive increase 
in tension as compared with a simple discission has been 
verified in animal experiments by Alvis (1925), and excellent 
clinical results have been reported by Radcliffe (1924) and 
Chance (1924). 


Intra-capsular Extraction 


The majority of ophthalmic surgeons have always preferred 
the extra-capsular method of cataract extraction, the 
technique of which has been retained essentially unchanged 
since it was introduced by Daviel in 1745. Of late wears, 
however, the fact of retaining a perfectly clear and 
avoiding further operative interference, and th ssibility 
of removing a cataract in any stage of urity, has 
stimulated the elaboration of several U, tions of the 
classical procedure, which are desigı that the cata- 
ractous lens can be extracted c ec? in its capsule. 
The methods introduced from timgNo time may be divided 
into three classes :— e 

(1) The dislocation and e sion of the lens by simple 
pressure applied to the Aof the eyeball, an operation 
already well known, A) advocated by Smith for over 
twenty-five years. 

(2) The dislocafion~and extraction of the lens by laying 
hold of its ae capsule by forceps or by a suction 
apparatus, A moving it by traction, a method which has 
reached Ve? hest evolution in the hands of Barraquer. 

mbination of traction and external pressure, 
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either simultaneously employed, or the one following the 
other, as practised by Knapp, Sinclair, and others. 
Extraction by Suction.—Extraction of the lens by means 
of suction dates from the time of the Arabians ; it was done 
apparently by Stowers in 1906, and Hulen in 1910, but it is 
due to the prolonged and careful research work of Barraquer 
(1917) that the operation of phacoerisis owes its present 
position among surgical procedures. The instrument .em- 
ployed by him, the erisiphake, is virtually a small spoon or 
cup on a hollow handle, connected with an air-pump capable 
of creating a finely-controlled vacuum. The erisiphake is 
passed through a large corneal incision, through the dilated 


Fic. 56.—The erisiphake of Foster Moore, modified from Barraquer. 
consists of two. parts, the handle (A ) and the cup-bgaring portion (B). 
The handle connects with Barraquer’s vacuum pt and is traversed 
by a medium-sized bore communicating with th erjor by the lateral 
hole (e). The curvature and direction of t m (d) bearing the 
cup (c) can be altered. (Foster Moore, Br Netirn. Ophthal., 1923.) 


pupil behind the iris, and Fe the lower half of the 
lens. The vibratory vacuum is then turned on, which 
causes the lens to adhere to the cup, and by a move- 
ment of the handle the leysy\ Su tumbler-fashion round 
the horizontal axis, No its posterior surface glides out 
of the hyaloid fossa ON the upper edge passes through the 
pupil. This mex ruptures the fibres of the zonula, 
and the lensa? N aen be withdrawn attached to the erisi- 
phake, w EE posterior surface facing the cornea, the lower 
ERS g delivered first. 


X en adyanced. Instead of the motor pump, an erisiphake 
ed to a mercury vacuum apparatus was introduced by 
~\ Le Bros., London, and has been extensively used, notably 


nr of the original technique of Barraquer 
RC t 
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by Cruickshank (1925). Foster Moore (1923) devised a smaller 
and more easily-controlled instrument, where a hole on the stem, 
which can be closed by the finger, takes the place of the compli- 
cated valve in Barraquer’s pump (Fig. 56) ; A. and L. Green (1921) 
employ a valve controlled by the foot, while Urra (1921), Marbaix 
(1921), MeDannald (1921), Gallemaerts 
(1921), Koeppe (1923), and others have [TS IF 
advocated methods slightly modified ~~ 
in detail. 
Extraction by Forceps.—A method 
of extracting the lens whereby ex- 
pression is combined with traction 
has been extensively used by Knapp 
(1915-21). Considering that simple 
expression by Smith’s method in- 
volved too much trauma to the eye, 
he first seizes the capsule as low 
down as possible with a blunt 
forceps, and subluxates the lens. 
Thereafter a moderate amount of 
pressure applied to the lower 
corneal margin causes the lens to 
tumble, and then, after it has 
emerged halfway through the 
corneal incision, it is swept up or 
to the side by a hook. Sinclair 
(1925) grasps the lens in its capsu 
with a “double cross-actioı 
VE SE Zeen Te 
forceps (Fig. 57), draws it orga Fic. 57.—Sinclair’s “ double 
towards the centre of the ea, cross-action’’ forceps for 
ion intra-capsular extraction 
a of the lens. (Sinclair, 


ligament Trans. Ophthal. ` Soc. 
U.K., 1925.) 


and then, by slight lately 


ruptures the suspens 
one segment at a Mme" meantime 
the lens is brought slowly forwards towards the wound, its 
final delivery Bstg aided by expression with a specially- 
adapted “ expxtssor guard.” 


Muc N 


$ been written of recent years as to the merits 
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and demerits of intra-capsular extraction. Although 
beautiful in design, the complicated nature of Barraquer’s 
| apparatus is in itself a disadvantage ; moreover, unless the 
| | vacuum is efficiently controlled, the capsule may be ruptured, 
| or the lens may become detached, slip back, and be lost 
| during the manipulations. In all the methods the greatest 
| disadvantage is the frequency of loss of vitreous and its 
consequences ; it may be mentioned, however, that some 
| (Smith, 1925, and others) view the escape of vitreous with 
| equanimity. The investigations of Knapp (1925) on the late 
| end-results of these extractions seem to put at rest the fear 
| that the removal of the posterior capsule and the exposure 
| of the vitreous would favour the incidence of degeneration 
( and opacification in this tissue at a later date; but, on the 

other hand, it is significant that Thomson (1925) found that 

Il in cases where the Smith operation of expression had been 
| done, vision began to drop in 50 per cent. after some years, 
| | owing to changes in the anterior surface of the vitreous which 
| necessitated further needling. Striate keratitis after the 
| operation, however, seems to be commo et? d sclerosis of 
| | the cornea appears to be a serious bu e complication. 
| On the other hand, perhaps owing to sence of free lens 


matter in the eye, post-operativ & is seems to be rare. 
At all events, before a considere ion can be given more 
extensive and accurate infor@ayı 1 is certainly required as 
to the end-results of this fepe of extraction. Finally, it is 
to be borne in mind that the methods of intra-capsular 
| extraction are difficu Crhey require skill in the selection of 
i the cases, and N mand a long apprenticeship and a 
I 


delicacy of techadQuic not readily attained. Hence it follows 
that in the ei of their particular exponents good results \ 
| are obtai hich are by no means equalled by most of | 
| those Yon follow in their steps. The value of an 
|| SS procedure cannot be usefully assessed on the results 

Most skillful interpreter, but must stand or fall on those 


| N attained by a surgeon of average ability. The 


<V 
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method of most general application is certainly the old 
procedure; and the merit of the newer operations is not 
so much in standardising a new technique, but in putting 
forward new points of view in the light of which each 
individual may orientate and model the technique which 
suits him best. 
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4, SYMPATHETIC NN 
‘Pathogenesis 


The pathogenesis of sympatheyepr ıthalmitis is unknown; 
and of the many theories =) e exercised ophthalmolo- 
gists for more than a hu&dred years, two have survived 
and may be considered cb Muss the anaphylactic theory 
and the infective the AH 


The SEN anaphylactic theory, as 


brought forwar supported by experimental evidence 
by ee) 09, was briefly this: that injury to the 
exciting eye Y@sulted in the liberation and general distri- 
bution oAP?ement from the uveal tract, the absorption of 
whic oduced a hypersensitivity of the organism as a 
N and especially of the homologous organ, the fellow 


e Subsequent absorption resulted in an anaphylactie 


ANAPHYLACTIC THEORY 245 


intoxication, which in the sensitised uveal tissue of the other 
eye was manifested clinically as sympathetic ophthalmitis. 
In this form the theory has remained unaltered, except that 
Kodama (1922) has brought forward evidence suggesting 
that other ocular tissues may be concerned. 

A. C. Woods (1916-26) has elaborated this theory in 
considerable detail. He found that in its immunological 
reactions the uveal pigment acted as an antigen in the 
homologous animal, and was specific in its reactions (1916) ; 
he confirmed the complement-fixation tests of Elschnig 
for this substance (1917), and by means of intra-ocular 
sensitisation with uveal pigment in dogs, and intoxication 
by intraperitoneal injection, he produced a uveal inflam- 
mation in the second un-injected eye (1918). This last pro- 
cedure although not producing a typical pathological picture 
of sympathetic ophthalmitis, constituted the production of 
an inflammation of one uvea after an insult to the other, 
brought on after the manner of an allergic reaction. Later 


(1921), on testing the blood-serum of individuals v yas had 


suffered from penetrating wounds, he found they 
reacted to a complement-fixation test accordi N they 
developed signs of sympathetie inflammati en and 
also that intradermal tests for hyper se@hivity to the 
pigment were positive in patients 4O mpathetie dis- 
turbance, and negative in nor Oo: rols. He thus 
reasoned that the normal healing E uveal wound appeared 
to be usually accompanied by: the“appearance in the blood 
stream of antibodies eng uveal pigment, but that 
in those cases where ted inflammation followed 
such a wound, these a oo dies did not occur. When sym- 
pathetic GEN IsySupervened, not only were these 
antibodies lackin on cellular hypersensitivity for uveal 
pigment devel 

As Wood self admitted (1925), the anaphylactic 


theory = to accept in its entirety. Even allowing 
8 N lergic reactions occur, such hypersensitivity may 
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not necessarily be a causal factor, but perhaps may only 
eonstitute a chance and unimportant accompaniment of 
sympathetic disease. The determining conditions of the 
experimental anaphylactic reaction are in many ways 
incomparable with the clinical occurrence of the ophthalmitis, 
in many cases for the small amount of pigment set free 
which can be available for absorption may bear little relation 
in its effects with the massive doses injected into the eye of 
the experimental animal. Further, in injuries which are 
uncomplicated by perforation, slit-lamp observations show 
that a very considerable pigment disturbance frequently 
takes place without deleterious results; the liberation of 
pigment, therefore, does not seem to be the only exciting 
factor. The pathological findings in the affected eye, more- 
over, in no way resemble the picture associated with any 
known manifestation of allergic reaction. Again, the 
mechanism necessary for the production of an anaphylactic 
shock appears to be lacking, for it is difficult to imagine the 
occurrence of two separate disturbances which,could provide 
the sensitising and the shocking dose, fo G0 naphylactic 
reaction is known to take place as long Nop of the original 
sensitising antigen remains in the ¢g&xculation. If, after 
the original disturbance has s aed, a small anomaly 
occurring subsequently in the Ce e supposed to elicit the 
reactive process, it is diffieult Qs erstand the prophylactic 
action of excision of the eilig eye, for if this were the 
case, the slightest disturb&#fee in the remaining eye ought 
similarly to provide @ shocking ” dose, and would thus 
place it in danger Eege occasionally for years, or some- 
times for life. Ace experience shows that this does not 
occur, it w eem that sympathetic ophthalmitis must 
have somg-other factor as its essential cause. At the same 
time, i e is some allergic action demonstrable in these 
it is possible, as Verhoeff (1924) suggested, that 
N ay be a predisposing element in the etiology, assisting 
ther exciting agents to exercise their activity. 
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The Infective Theory.—The pathological findings in 
sympathetie ophthalmitis strongly suggest an infective 
origin ; but although this may be indicated by the massive 
infiltration of the whole of the uveal tract with large mono- 
nuclear lymphocytes, plasma cells, epithelioid cells, and 
giant cells, no definite bacteriological confirmation is avail- 
able. At the present time two essential questions remain 
outstanding : the nature of the hypothetical organism, and 
the route of its entrance. 

While no causal organism has ever been isolated, several 
hypothesis have been advanced from analogy. Some con- 
siderable time ago, staphylococei were isolated from sympa- 
thising eyes (Mayou), but it can be argued that their 
presence means little. The granulomatous nature of the 
histological lesion has led Hentschell (1924), Peters (1925), 
and others to revive the hypothesis that the disease is a 
tuberculous manifestation. Guillery (1924) introduced into 
the vitreous of rabbits capsules containing tubercle bacilli, 
and found in the treated eye a complete picture of sympa- 
thetic disturbance with involvement of the other Ro 
which he concluded that the disease is a N N the 
activity of tuberculous toxins rather than E e baeilli, 
acting in conjunction with the catabolic Qrret s of tissue 
destruction liberated by the trauma. L resemblance of 
the blood count to that found in magy)protozoal diseases, 


and the amenability of Bea arsenical treatment, 


have associated it with this class kel infections (Browning, 
1926). Verhoeff (1924) has ek ibed a similar lesion, due 
to a mycotic infection, and ily (1924), inserting herpetic 
virus in a pocket benea Aw. ciliary body of the rabbit, and 
producing in this or sympathetic ophthalmitis which 
resembled the EX man, has forced attention upon the 


ultra-microscop uses, 
The route ss is also problematical. Ifthe principle 


of the se ffinity of bacteria be admitted, it is possible 
that th > Isease is metastatically deposited through the 
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blood stream. This is probably the most generally accepted 
view to-day, and the close association of the lesions with the 
vascular and lymphatic elements have led many to support 
t (Meller, 1922; Echeverria, 1922, and others). Recent 
researches, however, from two different points of view seem 
to render the more attractive hypothesis of direct trans- 
mission up the optic nerve and across the chiasma perhaps 
more probable. The experimental work of v. Szily (1924) 
on the transmission of the herpes virus has been mentioned, 
and the possibility of this path of spread has been amply 
corroborated in animals by the observations of di Fede (1924) 
and Grüter (1925). In correlation with this, Fuchs (1924) 
claims that there are distinct evidences of the spread of 
infection by this route, for although the region of the disc 
and the first portion of the optic nerve appear normal, if 
sectioning be carried some considerable distance (averaging 
14 mm.) up the nerve behind the globe, pathognomonic lesions 
are seen in the majority of sympathetic cases. These show 
a diffuse or nodular granulomatous infiltration of lymphoid 
and epithelioid cells identical in nature with gain which 
oceur characteristically in the uveal tr, his strongly 
suggests an infective spread by IR ension along this 


route. 
SN 


In view of the SECH Dre i issues which hang upon the 
establishment of it ou the diagnosis of sympathetic 
Aë 


ophthalmitis is tion of the greatest import, and, 
inasmuch as th ical signs are largely those of a serous 
or plastic Zë this is often a matter of considerable 
difficulty. Itseems now to be generally accepted that every 
j after trauma or operation, even if bilateral and 
ied by the deposition of endothelial precipitates 

Nik cornea, is not necessarily of a true sympathetic 
>. Any diagnostic means is therefore invaluable if 
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it can help towards a decision as to the established presence 
of sympathy, and becomes even more invaluable if it can 
point to the earliest incidence of signs of prodromal sym- 
pathetic trouble, so that efficient treatment can be instituted 
at a time when it may easily be effective, or, contrariwise, if 
it can definitely exclude the presence or probability of 
danger. 

The Slit-Lamp.—The extreme value of the slit-lamp in the 
diagnosis of sympathetic disease was early pointed out by 
Vogt (1921). The matter has already been dealt with 
(p. 105), and it will be sufficient here to mention the main 
diagnostic point. The essential occurrence is the presence 
in the vitreous, the aqueous, and the retro-lental space of 
free floating particles (“cells ”), often in large quantity, 
which ultimately are precipitated on the back of the 
cornea as pellucid and granular keratic precipitates, and as 
small transient patches of exudate on the pupillary 
margin, and sometimes on the iris itself. Harrison Butler 
(1926-27) goes so far as to say that on the evidence af their 
absence alone, a case could be safely labelled as ei of 
sympathetic, and as one in which excision of an T ould be 
unjustifiable. 

The Blood Count.—On the basis of the sive statistics 
available at Moorfields Hospital, Brow, a ) claims that 

thetic disease in 
of large mononuclear 
ecrease in polymorpho- 
gives as typical differential 


that it shows a considerable ex 
lymphocytes, with a a sae 
nuclear leucocytes. This ob Cy 


counts : 


the blood count is characteristic ue 


Poly- sch Large Mono- Eosino- 

morphs. cytes. nuclears. philes. 

Normal . 60-70 20-23 2-5 2-4 
Sympathetic 56 Ca 26 16 2 


The Eegen has been mentioned that’ this count is 
ER f many protozoal diseases, and Browning 
finds KÉ e is apparent before any signs of sympathetic 


ò 
© 
wl 
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trouble can be observed clinically in the uninjured eye. 
Gifford (1918), on the other hand, considers that, although 
the increase in lymphocytes, especially large mononuclears, 
does occur, it is not entirely pathognomonic of sympathetic 
disease, but may characterise any chronic inflammatory 
process involving any tissue in the eye. 

The Intradermal Pigment Test.—As a clinical application 
of his experimental work, Woods (1925) has suggested that 
the presence of pigment antibodies should presage the normal 
healing of a uveal wound, and that the occurrence of a 
hypersensitivity might assist in the diagnosis of a doubtful 
case of sympathetic disease, or give warning of the prob- 
ability, or possibility of its occurrence. A complement-fixa- 
tion reaction, although at first found to give a large per 
centage of accurate results, was discarded owing to technical 
difficulties and the length of time which necessarily elapsed 
before it could be manifested ; but in the hands of Woods, 
an intradermal test, whereby skin hypersensitivity to a 
dilute suspension of the pigment is empl eY after the 


same manner as a von Pirquet reaction, ‘liven more 
satisfactory results. Knapp (1924) also Q} RE this 
reaction, and Wesson, Burley and is GE the sum 


of whose evidence appears to be N a its ee 
significance be taken as incidental t, in a large majority 
of cases of sympathetic ophthaknipisthe intradermal pigment 
test is positive. It is thus%laimed that, when the history 
of a case or the appearance\ef the eye provides grounds for 
suspicion, the preser a positive reaction is of con- 


siderable BENG rtance. 


co 
Treatment 


anchor of the treatment of this condition has 
EN n the excision of the exciting eye at an early stage 
AN disease ; but the refinements in diagnosis which we 
EN mentioned, which allow the recognition and the treat- 


The s 
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ment of cases in their earliest stages, together with the 
efficiency of several methods of combating the inflammatory 
process, have tended to make the judgment of the ophthalmie 
surgeon, in this country at least, more conservative of 
recent years, and have led to the retention of many eyes 
which before would have been excised. Since the etiology 
is completely unknown, these methods of treatment are 
purely empirical. Different writers have recommended heroic 
doses of sodium salicylate (up to 200 or more grains per 
day—Gifford), diphtheria antitoxin (Verhoeff, 1926), milk 
injections (Fradkine, 1924), Escomel’s auto-serum (1921) 
(Guiral and Guiral, 1923), or other alternatives; but the 
greatest advance appears to be the decidedly good results 
which follow the administration of arsenical compounds in large 
doses (Browning, 1926, and others), which are particularly 
happily employed at the onset of danger, as indicated by 
the differential blood count. 

The logical consequence of the work of Woods was to 


ulate 


employ uveal pigment for desensitisation of those wilt 
tI 


showing evidence of hypersensitivity, and then ra 
the formation of antibodies by active immunisa 


The most recent method advocated for t Dreparation of 
pigment for injection purposes is as followKNWesson, Burley, 
and Woods, 1926). Fresh bovine eyes ard !nmersed in boiling 
water, the uveal tract is removed and Gp d up with glass in 
distilled water, when the pigment "Nr and floats off. The 
suspension of pigment is poured OR proteins are precipitated 
with ammonium sulphate, and the Pr&ment recovered by centri- 
fuging. This is made up into a slis@fly alkaline (pH 7-5) suspension 
in 0'l per cent. gelatine so , which is standardised to a 
uniform strength ERS IS. 


Experiments in thé fed of organotherapy, on somewhat 
similar lines, had ei ago been attempted by Lagrange and 


Heckel without, It ; but in the hands of Woods (1925-26) 
some oe appears to have been achieved. It 
is too yet to give any definite opinion upon the 
ultimate Walue of this method of treatment; and it may 


Ss 
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be that his successful results are merely the evidence of 
a happy form of non-specific protein therapy. That the 
primary cause of the disease is an anaphylactic reaction 
seems impossible, unless, indeed, we are to modify our 
present conceptions of anaphylactic activity; but, at the 
same time, with the evidence that is available, it is difficult 
to decry the value of desensitisation as a method of therapy, 
or to deny a predisposing röle in the etiology of the disease 
to allergic activity. 
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CHAPTER VI 


GENERAL METHODS OF TREATMENT 


1. GENERAL THERAPEUTICS 
Ultra-Violet Phototherapy 


WITHIN recent years the scientific application of ultra- 
violet radiation has shown itself to be an advance of con- 
siderable value in the treatment of general disease in 
judiciously selected cases. To this diseases of the eye form 
no exception, and many of them respond particularly well 
either to the therapeutic effect of general radiation of the 
skin surface or to the application of the rays directly to the 
eye itself. 

The Therapeutic Action of Light.—It is undo true 
that light, especially short-waved light, h mulating 
effect upon the normal individual, and a es peutic action 
in many diseased states. The nature o Se remains 
at present largely a mystery, but Së same time we are 
not altogether without indications@f "PS intimate mechanism. 
The longer waves, the infra-red Q the luminous, penetrate 
the surface layers of the ski ‚@yd being appreciated as heat, 

Sehe migration of leucocytes, 


dilate the capillaries, a 

increase the lymphati Na and accelerate chemical 
processes generally, AN shorter ultra-violet waves produce 
the abiotic reactiotwWhich has been already studied in the 
first chapter. * Gon the skin the apparent result of this 
reaction is eos of an erythema, followed by death 


+ e D 
and desquaxation of the outermost cells. Almost certainly 
other reAftions occur, one at least of which has been clearly 
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demonstrated—an increase in the bactericidal power of the 
blood. 

It will be remembered from the considerations dealt with 
in the first chapter, that when the body is radiated, the 
essential feature of the process may be conveniently taken 
to be the absorption of energy into the atomic system of 
those substances whose periodic motion vibrates in resonance 
with the rays. This absorption of energy, as we have seen, 
is followed by a change in the electrical potential and the 
chemical valency of the absorbing substances. It is probable 
that the therapeutic activities which are thus called into 
being owe their origin to these changes, and are due partly 
to the electrical forces set free by the change of potential 
involved in atomic disintegration, and partly to the chemical 
factors which result from the photo-chemical reactions 
produced in the actively absorbing bodies : the proteins, the 
sterols, and perhaps other substances. The products of the 
photo-disruption of these appear to have various effects ; 
for example, the activation of the sterols or their derivatives 
seems to have a pronounced effect on ER activity, 
while the absorption of the altered pr&&&n$ probably 
increases the non-specifie immunity of body, a röle 
in some ways comparable to the eff&&P of other protein 
bodies when injected into the geng circulation. In the 
last analysis the body is an © -chemical mechanism, 
differing from non-living N nly in the complexity of 
its structure and the mult@ytity of its energy transfers ; 
and it is not surprising t an agent which effects wide- 
spread electrical an emical changes in its economy 

OA? ductive of much good or, it is 


should be N 
equally to ber EN ered, of much harm. 


was evident 1e ultimate source of the energy of life; and the 
whole WG) e of living organisms on earth, animal and vegetable, 
is conti isly related to the energy of the sun, either indirectly 
assi d or directly absorbed. Why, for example, is the blood 
red, at it reflects the longer (red) spectral waves and absorbs 


The action 2 ht upon living matter is a vast subject. Light 
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preferentially the violet and ultra-violet ? It would seem that 
before we can fully explain the biological action of light we shall 
have to answer many of the most fundamental questions in the 
mechanism of life itself. 


General Phototherapy 


Technique—The technique employed by the writer in 
the administration of general light baths at the clinie at 
Moorfields Hospital is based upon that elaborated by 
Leonard Hill and Eidinow (1925-26). So far as we are 
aware at present, the only systemic effect of radiation which 
submits itself to quantitative estimation on the basis of 
which we can regulate our treatment is the increased 
bactericidal power of the blood. It appears that excessive 
doses of light diminish the hemo-bactericidal power, and 
introduce what may be termed a negative phase, an 
effect which can be correlated with the mental and physical 
depression which too intensive doses almost invariably 
cause even in the normal individual, and the disastrous 


effects which may be produced in this manner in disease. 
The total effect produced varies with the intent f the 
rt 


radiation (that is, the intensity of the source of Bei and its 
distance away) and the area of the sking@xposed, and 
Eidinow (1926) has shown that the optimum ect is obtained 
with radiation of an intensity whic produce a mild 
erythema extending over an area ‘Os it one-quarter of 


the body surface. x 


This technique is at variance y th the Copenhagen technique, 
which is largely followed bo the Continent and in this 
country, by which the who y is exposed to massive doses 
of light according to a ro schedule, and also with the treat- 
ment. by heliotherapy, ed by Rollier in Switzerland, and 
followed in this SE where the body is gradually exposed 
until the whole surfa@efarea is radiated. It appears, however, 

experimental foundation. 

Individuals v largely in the degree of their susceptibility 
to light, and Tefore the routine procedure is to estimate the 
reaction N patient by the determination of the dose required 
to ER minimal erythema on a small area. Thereafter, 


Fig. 58.—Mercurty vApour lamp (atmospheric K.B.B.), as used by the writer 
for ophthalmologicai work. 
d as illustrated for general light baths. For local treatment 
*, the shield figured as an inset is applied to the reflector. It 
rtz rod (as a director) attached by a movable spring joint. 
as a source of red-free light with the ophthalmoscope, the quartz 
is taken out and a window of Crookes’ B glass inserted in the 
g of the shield (see p. 114). 
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judging from the standard thus obtained, radiation is started 
with the mercury vapour lamp (Fig. 58). The body is divided 
into four areas, each of which is radiated on alternate sittings, 
the dose in each case being regulated so as to give the faintest 
observable erythema, after which there is a fine desquamation 
of the cuticle. The patient attends the clinic three times a week, 
so that successive treatments to the same 
part bring the alternating areas up for re- 
exposure when fresh and light-sensitive skin 
is available. By this routine an optimum 
effect is obtained over an optimum area, an 
optimum increase of the hzemo-bactericidal 
power is produced three times a week, and, 
as far as we can judge, an optimum general 
effect is obtained from the course of treatment. 

After the tenth treatment the dosage is 
somewhat increased by going over the body 
in three stages; and at the fifteenth a carbon 
are, cored with iron and cerium, is employed 
(Fig. 59). The spectrum of the mercury vapour 
lamp (Fig. 60 (A) ) is rich in the shorter abiotic 
rays, while the carbon arc gives a more intense 
output in the longer ultra-violet (Fig. 60 (B) ), 
and these, although not perhaps the most 
actively abiotic, seem to have the greatest 
skin-penetrating powers, and are probably 
the most useful at this stage. This is used 
until the twentieth exposure is reached, when 
the course of treatment is stopped, if the state 
of the eye permits it, and the patient is given 
a rest for two to three weeks. Thereafter, if 
further treatment is indicated, a second TNN 
is started, the technique of the initia D 
treatments being limited to the first x, d 
the carbon are being introduced at Ka ths ae Eege 
and so on. The general routine is, o&éourse, arc lamp, as used 
taken merely as a standard, and tl@greatment for general light 
and dosage is varied with the r rements of baths. (Watson 
each particular case. NZ & Co.) 


Clinical Applicatio -Qs in other parts of the body, so 
in the eye, the dissel most amenable to treatment are 
chronic inflammixfOıs. This, in fact, is one of the most 
satisfactory ge: of phototherapy in ophthalmology, for 


e + D D 
in many < se cases little can be done by the ordinary 


methods A reatment at our disposal. In most cases the 
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time of election at which to start general radiation treat- 
ment is immediately after the acute stages have passed, 
and before the lesion is complicated by the accumulation of 


r lamp (K.B.B.). 
d with iron and cerium. 


Fro, 60. 
g wave-lengths in the latter is evident. 


Nat. Instit. Med. Res.) 


(T. ©. Angus, 
The greater abundance of lon 


23 


Illu 


A. Spectrum of mercury vapou 
B. Spectrum of carbon arc core 
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massive deogits and restoration rendered impossible by 
extensivg@yssue destruction. There appears to be a tendency 
in the QY acute stages of eye affections to bring on relapses 
i Hie Yreatment is started too soon; but a commencement 
S careful control should be made as early as possible, in 
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the knowledge that the end-result is assessed by the patient 
in terms of the vision finally obtained, for the purposes of 
which any marked degree of organic or cicatricial change, 
instead of being looked upon as a desirable termination, as it 
may well be in many other organs of the body, becomes in 
the eye a disaster, rendering it functionally useless. 

Tuberculous Lesions—The affection which gives the 
readiest response to general light treatment is ocular 
tuberculosis in any form: iridocyclitis, keratitis, dacryo- 
cystitis, ete. The importance of this can be realised when it 
is remembered that tubercle of the eye is one of the most 
difficult and hopeless diseases in ophthalmology, whose 
course is too frequently one of gradual deterioration, ending 
ultimately in blindness. In these the effect of radiation has 
been most encouraging, and the cases, with few exceptions, 
have improved from the commencement, as a general rule 
slowly, but often with remarkable rapidity (see also Goulden, 
1926). 

Phlyctenular Kerato-Conjunctivitis—The ready and rapid 
improvement of phlyctenular lesions is usually re able, 
especially of the type met with in so chronic and gen a 
form in the debilitated and sun-starved chil&@wY of large 
cities. After a few days most of the disty g symptoms 
frequently disappear, and after a few ee a child whose 
eyes have been in a chronic state of d ittent irritation 
for years will remain comfortable,%and the general health 
will improve in a remarkable m&pher (see also Goulden, 
1926; Nutt, 1926). Q 

Infective Iridocyclitis V cases which 
are not of a tuberculous% n show a less dramatic effect, 
and one which is evi hore slowly and which varies from 
case to case. ERR stimulating effect is almost 
invariably good De patient feels better and stronger, the 
appetite incr Q sleep improves, and weight is put on. 
As regard Oh eye itself, in about 50 per cent. of cases the 
results ay satisfactory, while in a few little or no good 
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seems to result as far as the actual inflammatory lesions are 
| | concerned. In many cases, however, even those of long 

standing, which appear to have resisted treatment by every 
known method over long periods, a gradual amelioration 
can be brought about under repeated courses of ultra-violet 
radiation, the keratie precipitates disappearing, the pupil 
dilating under atropine, and the vision slowly improving. 
In such eases a vitreous haze may clear up very considerably. 


Local Phototherapy 


Local Therapeutic Action of Light—The abiotic action 
of short-waved light upon the tissues of the eye has already 
| been discussed in the first chapter. Its therapeutic effect 
Il) is twofold : it involves a process of irritation, which may go 
on to tissue destruction, and which is followed by a benign 
| process of restitution; and in the second place there is 

probably added a specific response to the chemical products 
of the photo-chemical changes occurring in the cells. The 
former reaction results, for example in th sf mea, in the 
production of a soft, highly vascularised Si Ae parent scar, 


ıcous membrane 
little is at present 
oubted. In this con- 


e cells in large quantities 


and leaves in the conjunctiva a fres 


with no cicatrisation ; about the | 
known, but its existence seems 
nection the appearance of oe 
seems to be significant. 


The direct killing of den by ultra-violet light does not 
occur except in the sup al layers of the cornea or conjunctiva. 
| The freshly excised Oy of the rabbit completely protects 
|| staphylococci sow, ar from the lethal action of light, and 
| if the anterior ¢ er is injected with a culture of the same 
| organism, sie dr eafter the eye be exposed to an intensity of 
radiation whi ill produce a corneal opacity, the aqueous shows 
on Hero no less abundant than that obtained from 
| Ee ntrols (Duke-Elder, 1926). 

| Pa (1924) and others have sought to employ various dyes 
N Preferential bacterial affınity as sensitisers in this con- 
| in whose presence light of a longer wave-length and a 
$ ` ‘penetrating power, and with less abiotic action upon the 

| 
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tissues, could be profitably employed. Our knowledge, however, 
of the action of sensitisers is at such a stage that these substances 
should be resorted to only with caution, for, although good results 
may be obtained at the time, unpleasant after-effects may 
possibly ensue. The formation of cataract after the injection of 
one of them, hematoporphyrin, has been mentioned elsewhere 
(p. 227), and there is evidence that, in the mesentery at any rate, 
their use is followed by capillary thrombosis (Hill and Campbell, 
1924). Could a sensitiser be found which would attach itself 
preferentially to bacteria to the exclusion of the proteins in the 
cell-systems and the blood, the ideal antiseptic, which would 
destroy bacteria and leave the tissue of the host unaffected, 
would be discovered ; but in the present state of our knowledge, 
until substances with a higher selective bacterial affinity have 
been demonstrated, the use of sensitisers would seem to be 
fraught with possible dangers. 


Technique.—In radiating the eye directly the chemical 
reaction of photo-denaturation of the proteins of the cells 
of the tissues must always be borne in mind, for, as we have 
seen, it leads to their increased lability, and ultimately to 
their actual coagulation. In the conjunctiva this is the end 
which is desired ; in the cornea the subsequent vascylarity 
and reactive processes repair the damage thus casa vine 

I 


a transparent scar; but in the avascular lens @ys action 
tends to be cumulative and its effects to be perm t. Several 
therapeutists on the Continent have arg hat with the 


small intermittent doses which are used(Ylnically, derived 
from sources of small extensity syıl Ing a small solid 
angle, this consideration will be o£Nittle or no importance ; 
but the reactions dealt with in_Chepter VI. would seem to 
indicate that this view is tog äguine, especially as we are 
dealing with Se ‚herein lenticular degenera- 
tion readily occurs. irst essential, therefore, in any 
technique of local pfot®therapy is that the rays should be 
adequately Ge E So that the lens is excluded from their 


path. N 
We have a ten that the nature of the abiotic reaction 


is a BEN of the intensity of energy at the point of 
N of the rays. In dealing with structures of the 
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delicacy of the eye, therefore, it is necessary to use a lamp 
which runs under constant conditions, and in which the 
intensity of the output of energy can be accurately graded. 
When an irritating effect is desired, rays shorter than 
3,000 A.U. must be used, and where a mild abiotic action is 
desired, waves of longer length are to be employed. Further, 
we have seen that in all circumstances the highly dangerous 
infra-red rays are to be excluded ; while the visible rays are 
also undesirable in quantity, owing to the discomfort which 
is entailed by their glare. It is further desirable, there- 
fore, that the beam of light which is employed should 
be examined spectrographically and be susceptible to 
fractionation. 

For. local radiation Ascher (1922) used a quartz rod 
attached to an enclosed mercury vapour lamp, and Koeppe 
(1919) and Birch-Hirschfeld (1922) a carbon arc fitted in 
a focusing apparatus. The first of these, however, is 
inadequate owing to lack of control, although it can be very 
well used to direct a pencil of light upon the conjunctiva. 
I have adopted the apparatus seen in Fig here such a 
director is attached to the casing of tl oe illustrated. 
The director tip is curved, and the K advantage of its 
use is that it can be inserted "A the recesses of the 
conjunctival fornices; the li Sm avels along the quartz 
director in a parallel beam as © prevented from straying 
by internal reflection, and & thus be used with good effect, 
for example, in cases of trahoma. 

The spectrum of erben arc contains a very large 
proportion of tl ar visible and infra-red rays (see 
Fig. 60), and gen required to exclude these necessarily 
cut down HU useful short-waved energy very considerably. 
employ a mercury vapour lamp of the atmo- 
e (K.B.B.), mounted as in the Gullstrand slit- 
vided with a quartz optical system. The apparatus 
; a series of filters whereby the beam of light can be 


- pdoosororur repnoourg allez sep V pue Juaryed oy} 107 9891-peoy V Aq pogordwos st sngeredde out, "weaIsÄs suo] zyrenb e pue 

“somgaode ZurkreA JO Loan V ‘SION JO [OoYM V IIV JoxoVIG OY} UO "ua OY} UO Zurseo oY} UL Poure4uoo st ore AIMoJOUU out 
‘(90T d 908) sosodand orsouserp 107 durey-qrjs modea 

Amorou e se 10 ofa əy} Jo Advszoyyoyoyd pesoj ur Zog osn 107 “(LM ‘ss19Z) dure, UOYeIpes orupeygydo SyL— 19 "DIA 


264 GENERAL THERAPEUTICS 


| 
| | | a series of interchangeable apertures of varying shapes and 
| sizes, which can be used as desired : an adjustable point or 
d hole aperture, a horizontal and vertical slit, and two aper- 
| tures designed to correspond with the shape and size of the 
| everted upper and lower lids. With this ophthalmic radiation 
lamp (1927) (Fig. 61) a beam of light of great intensity can 
| be used, which can be observed and accurately controlled 
| | under the binocular microscope; by throwing the beam 
| obliquely upon the cornea, and, in addition, by giving 
A) eserine to contract the pupil in cases where the lesion is 
central, the lens can be altogether avoided. The intensity 
l of radiation given by such a lamp is varied by altering the 
| duration of the exposure. It has been shown (Duke-Elder, 
| 1926) that the dose required to excite an abiotic lesion of 
o the cornea is very slightly less than that which produces a 
minimal erythema upon the skin; the latter standard is, 
| therefore, first obtained and the individual dose for the eye 
regulated in conformity with this. 
| Local treatment is supplemented by a course of general 


| treatment should the condition at all seem quire it, for 
| | in this way its action is reinforced and t tient is given 
| | the benefit of the general tonic effect. 
| | Clinical Conditions. —Among dises of the lids, chronic 
| 


I blepharitis, squamous or ulcerati AN sponds well to ultra- 
| || violet therapy, especially the e commonly met with 
| in debilitated children, whi$& 1S characterised by continual 
relapses and a lack of resQOnse to the usual medicaments 

| || (see also Passow, 1919-2@y Schanz, 1917-22; Poyales, 1925). 
il Chronic conjunctivit e also Passow, 1919), especially 
If tuberculous RRE (Werther, 1917 ; Lundsgaard, 1918— 
23; Seefeldgr Qo: Passow, 1921; Birch-Hirschfeld, 
1922 ; re 1924), trachoma even in its most recal- 


| citrant fos (Schanz, 1917; Chotzen and Kuznitzky, 

| 1918; Wales, 1925), and vernal catarrh (Passow, 1919 ; 

Diels Zoch feld, 1922 ; Poyales, 1925), can be treated with 

i N effect. For these I employ very large doses, of from 
KM 
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fifteen to thirty minutes’ duration, which result in a marked 
reaction followed by a desquamation of the superficial layers 
of the conjunctiva as a false membrane, leaving fresh, 
unscarred mucous membrane exposed. This is repeated 
several times.at intervals of about a week ; the absenee 
of corneal involvement does away with the distressing 
symptoms of photophthalmia, and the patient is little 
incommoded. 

In the cornea the longer ultra-violet waves have a sedative 
effect, which may be used to relieve photophthalmia. Apart 
from this, the main action of short-waved light is probably 
one of irritation and consequent increased vascularity, but 
it is also probable that abiotie action, involving the produc- 
tion of photo-chemical products from the injured corneal 
cells, plays a part also, while in the surface layer a direct 
bactericidal effect doubtless comes into play. Corneal ulcers 
respond favourably to direct radiation with the ophthalmic 
radiation lamp: acute ulcers, chronic, recurrent, marginal, 
hypopyon, etc. The ulcer heals with some localised opacity 
formation, which becomes highly vascularised, to a 
large extent clears up, leaving a transparent s ee also 
Passow, 1921-25; Schinck, 1922; Schw Qir 1922 ; 
Birch-Hirschfeld, 1922 ; Poyales, 1925). 
if of recent origin, and especially if superg 
be considerably benefited after a 

| reaction has been maintained at itervals for several weeks 

` (see also Passow, 1921; Scha) 1922; Toulon, 1926). 

| Phlyctenular keratitis (Birch- iehfeld, 1922; Hippel, 1923), 
and tuberculous keratitis ( e, 1919-20; Passow, 1921; 
Lowenstein, 1924) frequ Do to local radiation, as also 
does acne, especially; the associated lesions on the face 
are simultaneously, tfeäted. 

A number of NÉI, on the Continent have employed local 
EA treatment of diseases of the inner eye, 
especiall NS n of tuberculous origin: iritis, cyclitis, and 
nrg It seems reasonable, in those tuberculous cases 
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where nodules are evident upon the anterior surface of the 
iris, that these should be directly radiated, provided the 
beam is prevented from reaching the lens ; but, on the other 
hand, it can hardly be considered justifiable to focus light 
through the lens or to neglect its protection, especially when | 
it is remembered that this tissue absorbs practically all the 
abiotically active rays and allows little or none to pass 
through to the tissues behind, and that in such eyes it is 
already prone to degenerative changes even without the 
added stimulus of chemically active light. 
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2. SURGICAL TECHNIQUE 


Regional Anzsthesia 


The employment of regional anesthesia on a large scale 
in ophthalmic surgery is practised more extensively in 
America and on the Continent than in this country, where 
as a rule local anesthesia alone is employed, in the form of 
the instillation of cocaine into the conjunctival sac. In 
addition to obviating the necessity for a general anesthetic, 
with the slight degree of risk which attends it, and the 
danger to the eye from the sickness which frequently follows 
it, the advantages which accrue from use of regional 
anesthesia are twofold: as far as the patient is erned, 
under favourable circumstances, it renders Oy erative 
procedure completely painless, and as far a surgeon is 
concerned, it makes its success less depengé pon the good 
behaviour and passivity of the patient 

Retrobulbar Injections.—The ins Ce, of drops into 
the conjunctival ‘sac gives a sufficient anesthesia for the 
majority of intrabulbar operat@s, but in the inflamed 
eye or in the eye of high te Gn it is of no use, and in all 
cases it suffers from the @p>vantage that its employment 
leaves the iris mit much more effective result is 
obtained by combi s use with the retrobulbar injection 
of a solution of no¥6caine or some other suitable cocaine 
derivative, whi N blocking the ciliary ganglion, anzesthe- 
tises the cor, the sclerotic, the iris, and the whole interior 
of the The injection is made half an hour before the 
operatiomegins. A needle is inserted at the infero-temporal 
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margin of the orbit and pushed in 34 em. backwards, and 
slightly upwards and inwards, between the external and 
inferior recti, and 2 to 3 c.c. of a 4 per cent. solution of 
novocaine and 1 in 1,000 adrenaline in physiological saline 
are injected very slowly into the back of the orbit. This 
route avoids the possibility of damaging any of the impor- 
tant structures, such as the optic nerve or the ophthalmic 
artery, and the solution permeates the tissues and infiltrates 
the region of the ciliary ganglion. The conjunctiva must, of 
course, be anzsthetised separately in the usual manner by 
the instillation of drops. Subsequently iridectomies can be 
done painlessly, even the iridectomy for acute glaucoma; the 
eye can be operated on in any condition of intra-ocular 
congestion or inflammation or raised tension, since the nerve - 
supply is blocked in uninflamed and undisturbed tissue; a 
paracentesis or Saemisch section can be performed in hypo- 
pyon ulcer; the muscle cone is anesthetised for strabismus 
operations, with the addition, perhaps, of a subconjunctival 
injection in the region of the muscles on the inner side ; 
and even an enucleation can be done withoutg@satress. 
Immediately after the injection, pain he eyer afit 
exists, disappears. This is one of th vom assets of the 
procedure in such cases as acute gl a, since the patient 
comes on to the operating table S etely relieved and in 
the best psychological state V for his ordeal. The 
untoward accidents which Kay occur are few. After the 
injection a slight degree emporary exophthalmos may 
develop. All large ve are avoided, but a slight hemor- 
rhage may occur on sion (1 in 1,000 cases—Icove, 1927), 
which may give UN proptosis, but which is usually easily 
treated by th ication of pressure bandaging. Lastly, a 
partial extegn®#&phthalmoplegia may persist for some time. 


For en K ion of the eye under local anæsthesia MacGillivray 
the injection of some 4 c.c. of a novocaine solution 

vs space. The conjunctiva and subconjunctival tissue 

RN d into a cone in the bite of a fixation forceps at a point 
t 


ehind the equator of the eye, midway between the superior 


S 
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and internal recti, and a straight needle is inserted down to the 
surface of the sclerotic. At this point 2 c.c. of the solution are 
injected into Tenon’s space, and then the needle is pushed back- 
wards to the head of the optic nerve, where the remaining 2 c.c. 
are deposited. The anzsthetic solution distributes itself uni- 
formly round the globe, and this is followed by proptosis and 
a generalised bulbar cdema; after fifteen minutes the anes- 
thesia is complete. Should Tenon’s capsule be adherent to the 
sclerotic in cases of inflammation, the partial obliteration of 
Tenon’s space and the failure of the anzesthetic solution to spread 
is shown by the absence of conjunctival chemosis after five 
minutes; in this case further injections at other points are 
necessary. 


Peri-orbital Anzsthesia.—For more extensive procedures 


and plastic operations, the lids and the surrounding region 
of the face can be anesthetised by blocking out the nerve 
supply. The lids can be readily and completely anssthetised 
by inserting a needle at the outer canthus and pushing it 
behind a continuous injection round towards the inner 
canthus, running about midway in the thickness of the lid 
above or below the upper or lower tarsal plates respectively. 
The same solution as has been already described may be 
used. This induces total anesthesia of the lids (the j 
tiva, skin, muscle, tarsus, and lid edge) and al 

operative procedure, plastic or otherwise. In ; 

the nerves are blocked before they enter tl s, no cedema 
of these structures themselves results, ei at they can be 

t 


easily everted or manipulated, aı ıte inflammatory 
processes in them form no contra-igditation to the use of the 
method. The procedure is well@orth employing even in 
the common condition of cha dc, in the removal of which 
less thorough methods o sthesia frequently result in 
considerable discomfort} 

For more extensi Oyrations a frontal and temporal and 
facial flap can be nie by similar infiltration pro- 
cedures. N 

Immobilisa£i of the Lids— The success of any intra- 
ocular RN in which a corneal section of any size is 
made ‘ay to a large extent on the maintenance of 


Ser 
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relaxation by the patient. It has long been known that 
contraction of the extrinsic muscles, and particularly 
of the orbicularis, induces a sudden and marked rise 
in the intra-ocular pressure, and Comberg and Stoewer 
(1925) have shown that when the lids are forcibly closed 
this may easily attain a height of 65 mm. Hg (Schietz), 
a height far above that at which there is imminent danger 
of the expulsion of vitreous. These investigators alse 
performed experiments wherein the lids were thrown into 
voluntary spasm, as in the act of closing, while being held 
open by retractors. Here again a comparable rise in the 
intra-ocular pressure was produced, which was presumably 
due to the pressure of the pars orbicularis of the muscle 
upon the globe. Since no pattern of retractors could be 
found which were able to eliminate this effect, it would 
appear that with an unruly or nervous or irresponsible 
patient an accident is liable to occur at any time which it is 
quite outside the power of the surgeon to avoid. Such an 
occurrence can be obviated and any operative procedure 
can be rendered safe in this respect by blocking the nerves 
supplying the orbicularis by the injectio ovocaine at 
the external margin of the orbit in the oral region, and 
thus paralysing the muscle. The precaution which 
must be taken is to see that the lid properly closed before 
bandaging the eyes after ope since if the bandage is 
applied while the cornea a sed and the lids are para- 
lysed, considerable aoe o this structure may easily 


ensue. 


The sti cocaine into the conjunctival sac 
combined wi he retrobulbar injection of novocaine, and 
the SE of the lids in the manner described, 


appear, Lo e the ideal combination for anesthesia in intra- 


NN perations. In this manner the eye is completely 


AN 


etised, and at the same time absolutely immobilised. 
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It is certainly the ideal for the extraction of cataract, 
especially if an intracapsular method be adopted. The 
extensive intra-ocular manipulations which some such 
technique allows cannot be better exemplified than in the 
operation advocated by Duverger and Velter (1926), in place 
of excision of the eye, for the removal of cysts and tumours 
of the iris of such a size or in such a position that they cannot 
be removed by iridectomy. 


In this operation a puncture is made with a Graefe’s knife, 
and since the neoplasm will (presumably) prevent the section 
from being completed in the usual way, a hemisection of the 
cornea is made by cutting round the limbus with scissors. The 
free half of the cornea is then taken up by two stitches and folded 
right back upon the other half, thus exposing to full view the iris, 
with the tumour and the lens. The tumour is then held with 
forceps and deliberately and methodically cut away with the 
surrounding iris a plat et au grand jour. Thereafter the corneal 
flap is sutured in position. 

Retro-bulbar Alcohol Injections.—It cannot be denied that 
the excision of an eye is one of the most unpleasant mutila- 
tions of surgery, and it is certainly the case that a blind eye 
is in many respects preferable to an artificial one, vided 
_its retention involves no risks. In cases of blind age inful 
eyes, as in absolute glaucoma, this unpleas procedure 
may be avoided by a retrobulbar injectf of alcohol, 
whereby the ciliary ganglion is blocked h in the same 
way as it has long been re with painful 
conditions of the Gasserian ep ollowing the tech- 
nique suggested by Grüter el method has been used 
with success by Jaensch (1923 e uses a curved needle, 
by which two injections are IDN, one at the lower and inner, 


the other at the EN Outer quadrant; in each case 


Lep of. 70. per ae aol. je deposited in the region of 
the posterior pole ote eye. 

Immediately w the injection there is slight pain for ten 
seconds, but ICH irty seconds analgesia is complete. This 
initial pay be obviated by the preliminary injection of 
novocaiaN since, however, this sometimes leads to muscular 


ch 
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paralysis, due apparently to the irregular and more wide- 
spread distribution of the alcohol in the orbital tissues, it is 
probably better dispensed with where possible. Soon after 
the injection there may be a temporary chemosis and cedema 
of the lids, or an exophthalmos may come on after some 
days; but these always appear to clear up. Sometimes 
muscular paresis develops, the most common affection 
being a paralytic ptosis, coming on immediately after the 
injection and disappearing in a few weeks; more rarely a 
sixth or a partial third nerve paralysis occurs which has 
never lasted longer than three months (Jaensch). Although 
corneal sensibility is lost completely at first, a scattered 
distribution of sensation returns, and no evidence of ulcera- 


tive or degenerative trouble has ever been met with. The 
precedure, therefore, appears to be harmless ; it is simple to 
perform, requires no special preparation and does not 
interfere with the patient’s daily occupation, it obviates the 
physical disfigurement and mental distress associated with 


the loss of an eye, and in the great majority of cases induces 


complete analgesia. ch 
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CHAPTER VIII 


NEUROLOGY 


1. THE VISUAL PATHS AND CENTRES 


OnE of the few benefits which resulted from the Great War 
was the provision in unprecedented quantity of clinical 
material demonstrating lesions in the visual paths and areas. 
This was fully taken advantage of, among others, by Holmes, 
Lister, and Riddoch in England, Pierre Marie and Chatelin 
in France, Axenfeld and others in Germany, and the cor- 
relation of their clinical findings with the evidence of 
experimental studies has led to considerable advances in 
our knowledge of the central organisation of the .Xisual 

mechanism. Gi 

Current thought upon the central projection e retina 
is dominated by two conflicting views. ‚then (1924) 
insists upon a fractional and localised re tation of the 
retina on the calcarine cortex, the kD ing no exception 
to this rule; each part of the EN is associated with 
separate elements in the visua th, and is localised 
separately in the visual cortexQ,According to v. Monakow 
(1924), on the other hand, a Jsolated macular representa- 
tion in the central EN the brain is impossible. He 
believes that the ee from the macula are spread 


diffusely over the Sepfculate body, where they may be 


associated with Oe from other parts of the’ retina, 


and that fron Or: point the macular fibres are scattered 
over a larg&adatt of the optic radiations and the occipital 
lobes. N 
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Fic. 62.—The locali of the nerve fibres in the retina and 
optic nerve. NK fHenschen and Brouwer and Zeeman.) 
(a) Retina & istal, and (c) proximal part of optic nerve. 


The Lower Visual Paths 


+ 

Our KWledge of the intimate anatomy of the tracts from 
na to the primary visual centres has been con- 
y increased by the recent experimental work of 
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Brouwer and Zeeman (1926). The most interesting part of 
their researches from the clinical point of view is their 
experiments on monkeys, since there is every indication that 
the distribution of the fibre-groups in these animals 
corresponds closely with that found in man. 

These observers made localised lesions in the retina with a 
sickle-shaped knife introduced through the sclerotic into the 
vitreous, controlled by direct observation through the ophthalmo- 
scope. Eighteen days later the animals were killed, the tracts 


were sectioned and stained by Marchi’s method, and the de- 
generated fibres were followed up to the primary optic station. 


The Retina.—The anatomical distribution of the nerve 


Fic. 63.—Localisation of nerve fibres į 
(After Brouwer and Zeeman, B 


fibres in the retina has long been Qhown ; it is mentioned 
here (Fig. 62, a) partly for the s pt completeness, and partly 


because the generally ace views have been recently 
corroborated by the dirgNNobservation of the nerve fibres 
themselves by the u red-free light in ophthalmoscopy 
(p. 112, Plate III., Est, On the temporal side especially 
the distribution Ne macular bundle is to be noted, and in 
the periphery | l be remembered that the upper and lower 


halves of Ven ual fields show no overlap. 
P 


The Nerve.—In the optic nerve Brouwer and 
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Zeeman found that the fibres followed closely the conception 
of Henschen. In the distal part of the nerve the fibres are 
distributed exactly as in the retina (Fig. 62, b); those from 
the upper part of the retina lie dorsally to those from the 
lower, the temporal fibres lie laterally and the nasal 
medially, and the macular bundle is relatively distinct and 
sector-shaped, occupying the lateral aspect of the nerve. 
As the chiasma is approached the macular fibres tend to 
insinuate themselves between the upper and lower temporal 
quadrants, moving centrally into the substance of the nerve 
(Fig. 62, c). All through their course down the nerve a 
localisation among the macular fibres themselves is evident, 
those from the upper half lying above those from the lower. 
Clinical lesions wherein the macular bundle has undergone 
atrophy corroborate these experimental findings. 

The Chiasma.—In the region of the chiasma Brouwer and 
Zeeman found the tracts more difficult to define. The gaps 
which they left, however, can be filled in to a great extent 
from the clinical studies of Cushing and Walker (1916) on 
pituitary tumours, and the histological findg of Wilbrand 
(1926), who examined this region in th an subject in 
cases where one optic nerve had atro . In the chiasma 
there is no disorderly mixture o ssed and uncrossed 
fibres, but a partial decussatio undles appears to take 
place, always in a definite arr ent, which in its essentials 
is the same for all Ban dividuals. The temporal fibres, 
—that is, the uncr ossed ffes— run backwards in the lateral 
portions of the chia ioe" the upper ones dorsally and the 
lower ones v BL hey thus preserve the same arrange- 
ment as in the N“ nerve. The nasal fibres decussate, the 
upper ones ya g medially and downwards, the lower ones 
medially antupwards. The macular fibres lie centrally, 
the upp Ores probably still dorsally to the lower, and 
SE a tendency to converge once more towards the 


KR aspect to occupy the position which they eventually 


EN h in the optic tract. 
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The Optic Tract.—In the optic tract the macular fibres 
are at first central, but after a short distance they gradually 
come to lie dorso-laterally (Fig. 63). In their distribution 
there is some, but not a sharply defined, localisation, the 
upper fibres tending to lie dorsally to the lower (Brouwer 
and Zeeman). The fibres from the upper half of the peri- 
pheral retina, crossed and uncrossed, lie dorso-medially ; 
those from the lower half ventro-medially. Between these 
two there does not appear to be any overlap, and the crossed 
and uncrossed fibres intermingle in alternate and well-defined 
fasciculi (Wilbrand, 1926). 

The Decussation of Fibres.—In the lower mammals the 
decussation of the optic nerve fibres is complete; in the 
higher mammals it is incomplete, the number of direct fibres 
appearing to bear a relation to the degree of stereoscopic 
vision. They are thus few in the rabbit, more in the cat, 
and most in man, in whom they constitute about one-fourth 
of the total. 


Kappers (1920) accounts for the partial decussation N is by 
a 


fibres by the theory of neurobiotaxis, a theoretical hype is by 
which he has endeavoured to explain the complicat gration 
of nerve centres and nerve tracts in phylogenetic story, and 
the seemingly peculiar location and relation i ich this has 
resulted in the higher animals. In its es s the theory 
postulates that the migration and final erica: of these 
neural elements are determined by an Paton of function, 
the determining force being physieg;e ical. The intimate 
nature of such a force or the mann Ki its action is, of course, 
highly speculative—and admittedly %0/; but such a conception, 
correlating structure and functio@%,is essentially rational in its 
biological implications, and IOF up many difficult points in 
the anatomy of the centra Po system of the higher animals, 
in its comparative anato nd in its embryology. 

Those parts of the cgmtkg) nervous system which are associated 
with the photostatic f\ucfions of vision provide several peculiarly 
apt illustrations of ghis theory. The most outstanding, perhaps, 
is the position o oculo-motor nuclei, with their close ana- 
tomical relati A to the posterior longitudinal bundle and 
the RS stem (see p. 318), their secondary changes in 
position "Wé g parallel to changes in the paths of the optic, 
vestibular, “and co-ordinative reflexes. The position of the 
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mesencephalie root of the trigeminal nerve provides another 
example; although, in Kappers’ view, it subserves proprio- 
ceptive impulses from the mandibular muscles (see p. 305), it 
has migrated to the neighbourhood of the tegmen, to the great 
co- ordinating centre of photostatic and gravistatie impulses. 

In the present case, when the eyes in “evolutionary history are 
directed frontally but are in a non-converging position, the nasal 
fibres of one retina and the temporal fibres of the other are 
stimulated simultaneously by laterally incident light; these 
fibres therefore run in contiguity in the central nervous tract. 
Again, with frontally incident light, the image is formed on the 
temporal sides of the retine of both eyes. Thus the temporal 
region of one retina works partly with the opposite temporal 
region and partly with the opposite nasal region, whereas the 
nasal regions never work together. Hence the temporal fibres 
from both sides must also run in contiguity ; and therefore there 
are both direct and crossed temporal fibres in each tract. It may 
be mentioned in passing that according to this theory one would 
expect that the macula, which is temporal in position, would be 
mediated by both crossed and uncrossed fibres. 


The Primary Visual Centres 


The Thalamus.—It has always been ae ted that the 
primary visual centres are three in nung the external 
geniculate body, the superior collicu and the pulvinar 
of the thalamus. One of the most wxwresting results which 
emerged from Brouwer and Zeeı ; work (1926) was that 
no visual fibres appeared to C) the pulvinar. Henschen 
has always held that this ses Q case, claiming that large 
lesions in the pulvinar N cause hemianopia, and that 
diseases of the BE ygeniculate body which spare the 


total hemianopia. Further, Min- 


pulvinar may pro 

kowski some tim Ng 1913) failed to find degeneration in 

this region cP esions in Cp visual cortex of cats and 
iteStablished the fact that the projection of the 

nd, OS he neopallium (the angular gyrus, preecuneus, 

and, Cito- -parietal and occipito-temporal lobes) was 


NV large. By means of sagittal sections, however, 
A ng (1925) claims to have demonstrated a bundle of 


monkeys, bt 
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fibres which leaves the optic tract at the dorsal margin of 
the chiasma and enters the thalamus ; these may constitute 
a direct thalamic connection which does not run in the optic 
tract, but there is no clue to the physiological significance of 
this bundle. 

It is thus possibly the case that the pulvinar is not a 
direct link in the chain of the direct visual system, and should 
not be considered as a primary optic station at which light 
stimuli arrive; but, at the same time, it is very probable 
that it is intimately related with the movements of the eye 
and the higher visual functions of stereoscopic vision. 
The relation of the thalamus to the cerebellum and the 
red nucleus, as well as its close connections with the arm 
region of the precentral convolution (Kappers, 1920), make 
it probable that it may be justly regarded as a centre for the 
correlation of the eye and hand, and therefore of the utmost 
importance in stereognosis (Parsons, 1927, see p. 324). 

The Superior Colliculus.—The representation of retinal 
fibres in the superior colliculus is small, and seems to be 
without any derivatives from the macula (Brou and 
Zeeman, 1926). The fibres which run to it, ho ym are 
undoubtedly the most primitive phylogenetical d repre- 
sent the survivors of practically the whole he afferent 
visual fibres which pass to the tectum Zem ower animals. 
The tectum receives no macular fibr has no cortical 
projection, and there is little doubt&thet this portion of the 
central visual mechanism is con ed with the primitive 
photostatic rather than with Dr sensory visual functions 
(Kappers, 1920; Parsons, , see p. 327). Its possible 
association with the ENTE paths will be referred to 
later (Winkler, er . 300). 


The External Gen!sidate Body.— The external geniculate 


body is the relay Kion for the visual fibres from the retina ; 


the great mass we optic fibres terminate in it, and it gives 
rise to th radiations by which it is connected with the 


visual aren f the cortex. It is composed of at least two 
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main portions, a dorsal and a ventral part (Kappers, 1920 ; 
Winkler, 1921, and others); of these two the ventral is 
phylogenetically the older, and in the higher animals it is 
much the smaller. It probably receives only crossed optic 
fibres (Minkowski, 1920), and gives off the brachium tecti ; 
it is related to the reflex centres in the mid-brain, and has 
no connection with the fore-brain, persisting in man after 
lesions of the optic radiations (v. Monakow, 1924; Winkler, 
1921; Minkowski, 1920; Brouwer, 1917-25-26). In the 
course of phylogenesis this part of the external geniculate 
body dwindles almost to insignificance, and is largely replaced 
by the more lately differentiated dorsal nucleus (Woollard, 
1926). 

It is in the latter that the visual fibres from the retina 
end, and their anatomical distribution has given rise to much 
controversy. We will adopt the scheme arrived at by 
Brouwer and Zeeman (1926) in their experimental studies 
on monkeys (Fig. 64). They found that there was a very 
high degree of localisation, and that, although the macula 
had a wide distribution, at the same time Wifferentiation 
could also be appreciated among its ee the peripheral 
retinal fibres are projected ventral he upper ones 
medially and the lower ones lateyaNy; and the macular 
fibres lie dorsally and centrally, pper ones again lying 
medially and the lower pe G lly. This arrangement 
differs from the conclusio v. Monakow (1924), who 
believes that both the peri al and macular representations 
are diffuse, and is in o ston to that of Henschen (1924), 
who, it is true, LEE the principle of definite localisa- 
t the upper part of the retina is pro- 


tion, but consider 
jected dorsal eng the lower ventrally, in this. ganglion. 
There is litt oubt of the dorso-central position of the 
macular m» whose localisation was established by the 

studies of Rönne (1913). This observer followed 
N heration of the macular bundle to the dorsal aspect 


pathol 


o nucleus in cases of its atrophy in the subjects of chronie 
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intoxications. On the whole, although the question is not 
to be considered as definitely settled, the evidence, when 
taken in conjunction with that dealing with the continuation 
of the visual paths up the optic radiations, seems to point 
decidedly to the arrangement seen in Fig. 64, which indicates 
that the geniculate body has not only shifted outwards 
during its phylogenetic development, but has also turned at 
right angles upon itself (Kappers, 1920). so that the fibres 
from the upper portions of the retina find their relay stations 


UPPER MACULA ____ EB 
LOWER MACULA __. _ Bu 
UPPER PERIPHERAL._ oc 
LOWER PERIPHERAL.__ zz 
UPPER MONOCULAR. __ MIM 


LOWER MONOCULAR... == Q 
Fro, 64.—The regional distribution in the nal geniculate body. 
(After Brouwer and Zee , Brain, 1926.) 


O 


on the medial aspect, and thos@yom the lower retina on the 
lateral aspect of this gang 


There appears also one further differentiation between 


the crossed and un Q fibres. The generally accepted 
view has been thatNadmologous fibres arising from corre- 
sponding points? ihe retina ran in close contact with one 
another, and (Maps ended in relation to a single cell in 
the genicy& body. Brouwer and Zeeman certainly failed 
to find ay differentiation between the two sets, but Min- 
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kowski (1920), from the study of the degenerations in animals 
in which one eye had been enucleated, and in patients who 
had been blind in one eye for many years, found that the 
crossed and uncrossed fibres were arranged in definitely 
alternating layers. The appearances resemble the arrange- 
ment described by Wilbrand in the optic tracts, a differentia- 
tion which appears to be preserved, so that the fibres from 
different sides terminate in different and sharply delimited 
areas. 


The essential features of the anatomical distribution of 
the fibres in the lower visual paths appears, therefore, to be, 
in the first place, their accurate localisation, both in their 
journey from the retina to the primary visual centres and 
in their projection upon the external geniculate body ; and, 
secondly, the preponderatingly large representation of the 
fibres from the macular region. 


The Central Connections of the Visual Paths 


Although their general course and corti Le presentation 
are known, most of the finer points regargNýg the neurological 
anatomy of the central connections 
still surrounded by uncertainty. is is largely because 
their elucidation depends a Q entirely upon clinical 
deductions, and is less amerfgbl®to experimental treatment 
than the study of the lowef@yeuron. Pfeiffer (1925) recently 
gave an exhaustive revi@y of the theories which have from 
time to time been rward. The point around which 
most controversy TAA is the cortical projection of the 
macula ; thiş LX rding to Henschen (1924), is localised, 
while v. uch? (1924) considers it to be scattered diffusely 
en large part of the optic radiations and the 
oceip es. The evidence of war injuries seems to incline 

më" view that some degree of localisation does exist, 


N 
Ge ne evidence of recent researches would appear to 


O 
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suggest that to some extent both views are correct, 
and that, although these fibres are widely distributed over 
a considerable area, a certain localisation may be detected. 
The Optic Radiations.—In 1907 Adolf Meyer described 
how the ventral part of the optic radiations, instead of 
travelling directly upwards and backwards from the external 
geniculate body to the occipital. cortex, plunged forwards 
far into the temporal lobe and then swept backwards in 
a wide curve to the calearine area. Cushing (1921) has 
recently elaborated the clinical manifestations of the involve- 
ment of this geniculo-calearine path by the study of the 
symptomatology of tumours in the temporo-sphenoidal lobe, 
and has pointed out the localising importance of partial or 
quadrantic defects in the visual fields short of hemianopia, 
and the frequency of the occurrence of visual hallucinations 
consisting of well-defined and rationally conceived pictures, 
commonly associated with which are subjective sensations 
of smell—the uncinate seizures of Hughlings Jackson—from 
simultaneous involvement of the uncinate process of the 
hippocampal gyrus. Foster Moore (1925) ee case 
where a wound which presumably severed nee ntral 
geniculo-calearine fibres gave rise to a superi 1adrantic 
hemianopia. Holmes (1916-18), on the oth nd, has seen 
cases where the dorsal fibres were mos ably injured, 
and which were associated with ©) erior quadrantic 
hemianopia ; and these observati ave been confirmed 


by others. In a case with inferi€®)quadrantic hemianopia, 
Winkler (1912) found a lesion i@yhe dorso-lateral part of the 
optic radiations, with a cox onding degeneration in the 
medial regions of the EN al geniculate body ; and Min- 
kowski, in his exp oh work on monkeys, connected 


the medial part of external geniculate body with the 
dorsal half of Wees radiations and the dorsal occipital 
cortex, and t eral part of the external geniculate body 
with the ral occipital cortex. Although he considered 
the anat S% evidence insufficient, Holmes was tempted 
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to assume from his clinical observations that the fibres 
which are indirectly connected with the upper halves of 
the retina are contained in distinct bundles separated from 
each other by an anatomical interval. 

It is interesting that there is evidence in favour of the 
separation of the crossed and uncrossed fibres continuing 
at this high level. This continuation of the arrangement 
seen in the lower neuron is suggested. by the observations 
of Traquair (1922). According to this observer, the quad- 
rantic defects in the visual fields associated with lesions in 
this region are not strictly congruous, for the defect in the 
field of the eye on the side of the lesion is usually somewhat, 
and often very considerably, in advance of that in the other 
eye. This seems to suggest that the uncrossed fibres are 
attacked more readily than the crossed ; and if they occupy 
a position in which they are unequally exposed to damage, 
it would appear that homologous fibres from corresponding 
retinal points have not yet come into apposition. On the 
other hand, Holmes (1918) concludes that when the occipital 
lobe is reached, the defects in the visual fiel ue to lesions 
here are always more or less congruous a tical. 

The Visual Cortex.—Our knowledge 
the retina on the visual cortex d s largely upon the 
study of localised traumatic lesiop&Mflecting this area. The 
war provided a large ae ses showing injury in the 
occipital region of the N d these have been investi- 
gated by the correlation KY e lesion in the brain with the 
defect in the visual field) The method of inquiry is by no 
means ideal. In o few cases was there opportunity of 
confirming the c al damage at autopsy ; in most it was 
either judge operation or inferred from craniometric 
measurement” When it is remembered that the lesion may 
extend d an unexpectedly wide area in the cortex, and 
may involve the optic radiations, it will be realised 
thate inferences are not necessarily of great accuracy ; and 
EH must be added the unsuitability of a soldier recently 
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shot through the head as a subject for perimetry, a procedure 
in the best of subjects associated with a large subjective 
error. The large number of observations made, however, 
lends authority to the results: Holmes and Lister (1916), 


Lieu" 


Fre. 65.—The projection of China on the calcarine cortex. 
(Gordon Holmes, NG hthal. Soc. U.K., 1923.) 


Riddoch (1917), ee Chätelin (1916), Beauvieux (1917), 
Feld 


Uhthoff (1917), Ax (1917), Pieron (1917), Cosse and 
Delord (1917),* mes (1918), Abelsdorff (1918), Morax, 
Moreau and GXelain (1919), Bellows (1921), Scarlett and 
Ingham ( ges); and others. 

` authoritative and complete account is that of 
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Holmes and Lister. The conception of Holmes is illustrated 
in Fig. 65. He believes that the upper half of each retina is 
represented in the dorsal, and the lower in the ventral part 
of each visual area. The peripheral! retina is projected upon 
the anterior parts of the visual areas. In its distribution the 
serial concentric zones in the retina from the macula out- 
wards to the periphery are probably represented in the 
same order from behind forwards in the cortex, while the 
portions of the retina adjoining the vertical axis are probably 
represented in the dorsal and ventral margins of the cortical 
area, and the retina in the neighbourhood of its horizontal 
axis is projected on the walls and floor of the calcarine fissure. 
The macula is represented on the posterior part of the cortex, 
probably on the margins and the lateral surfaces of the 
occipital poles. 

Holmes thus represents the macula as being not bilaterally 
represented in the cortex, and to a large extent localised. 
It has long been thought that each macula was represented 
in each cerebral cortex, since in localised vascular lesions of 
one occipital pole the scotoma usually falla\hort of the 
fixation point by 10 degrees; but since homonymous 
hemianopia which accompanies traum tends right up 


to the fixation point, it is possible t he distribution in 
vascular lesions is referable to the hat the occipital pole 
is border-line territory betwee area of distribution of 


the posterior and middle A l arteries. On the other 
hand a case of Brouwer’ J 917) is interesting, wherein 
central vision persisted @ytwithstanding the fact that the 
occipital pole appearg& Pp be severed from the optic radia- 
tions ; and clinic ductions from the effects of hæmor- 
rhage and encgpl@itis, as well as traumata, upon the visual 
fields seem Bero the view that, although the macular 
projection’ the cortex is in a sense localised, it is at the 
same ti Opread over a relatively large area (see Wilbrand, 
192 N at it is largely localised in the posterior part of 
the carine fissure seems undoubted, and the clinical 
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observations on the effects of cortical lesions upon the visual 
fields have been confirmed by the histological observations 
of Lenz (1917), who, working in the opposite direction, 
detected atrophic degenerative changes (interpreted as 
arising from disuse) in the internal granular and pyramidal 
layers of the cortex in this region in cases of peripheral 
blindness of long standing. But, although thus localised, at 
the same time it is reasonable to imagine that it is compara- 
tively widespread, corresponding, for example, with the large 
central representation of the hand as compared with the 
foot (Holmes, 1918). 


Monocular and Binocular Visual Tracts 


Probably the most salient factor in the evolution of man 
was the ousting of smell as the dominant sense and its 
replacement by vision. The ability of the eyes to assume 
this röle and to form the basis of man’s physical dexterity 
and intellectual supremacy depended in large measure upon 
the evolution of panoramic into binocular and hi 
into stereoscopic vision. The significance of the e 
changes in the central and peripheral mechani nich have 
accompanied this process has been dealt with at'some length 
in recent years; and several clinica experimental 
observations have indicated the impor of the monocular 
and binocular fields and thrown hg it upon the tracts 
subserving them. O 

Recent work suggests that Bre two are probably sub- 
served by a separate mechapy The rabbit has an anterior 
binocular field of only AN grees, a marked contrast with 


1 For the EE ciples involved, see Elliot Smith, “ The 
Evolution of Man ” (Loni 1924); Treacher Collins, Bowman Lecture, 
Trans. Ophthal. Koce , 41, 10, 1921; and the symposium in Trans. 
Ophthal. Soc. U.K. ‚19 25 (Elliot Smith, Mott, Whitnall, Keith, and 
others). For di n of space ae eee see F. B. Hofmann, “ Die 
Lehre vom smn des Auges ” (Berlin, 1920-25). For the biological 
SE factors, see J. H. Parsons, "An Introduction to the 


Theory of P&geption ” (Cambridge University Press, 1927), 
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ch 


e EE 


Fic. 66.—The relation between Q SS. and binocular fields 


of vision and their ER ın the external geniculate bodies 
in the rabbit. 


A. VisuaLfie 


B. Retj 
C. Gë geniculate body. 


Monocular field. 
+ Binocular field. 


CH (After Brouwer and Zeeman, Brain, 1926.) 


the state Kptlairs in man, which is evident from the com- 
pariso Si 66 and 67. It appears from the degeneration 
RO of Brouwer and Zeeman (1926) that the 
mo cular fields find a separate representation in the primary 
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Fic. 67.—Relation between the g and binocular fields of 
vision and their projection i external geniculate body in 
the monkey. 

= oN 


ER al geniculate body. 
e h Monoeular field. 


ck: Binocular field. 


RS Brouwer and Zeeman, Brain, 1926.) 


visual ER Fig. 64). In the external geniculate body 
he 


Ee field is projected upon a small 
19 


of the rabby 
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area on its medial aspect, while practically the entire 
ganglion is concerned with monocular vision. In the 
monkey (and also in man) the relative distribution is reversed. 
Light stimuli coming from the extreme temporal side of the 
field of vision and falling upon the most nasal part of the 
retina is perceived by one eye only ; and these investigators 
found that this retinal area was subserved by fibres running 
in the medial aspect of the crossed optic tract, and was 
represented in a small but localised region in the ventral 
part of the external geniculate body (see Fig. 67). Lutz 
(1923) has recently brought forward a large number of cases 
showing a defect in the monocular field of vision alone, and 
others showing hemianopia in which this temporal crescent 
was unaffected. Such defects may be caused by lesions in 
the eye or in the lower neuron, but they may also be caused 
by one in the central optic pathways; and Behr (1917) 
observed several cases where, at certain stages of disease of 
the central visual tract, a defect in the monocular temporal 
crescent was alone present. It is possible, therefore, that the 
fibres of monocular vision do not intermiygle with those 
subserving binocular vision ; it appear Alt t they remain 
distinct up to the primary optic stati jand it may be that 
they have a special localisation in AS central visual path- 
ways, and even in the calcarine Siet, 


N 
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THE OCULOMOTOR SYSTEM 


2. THE OCULOMOTOR SYSTEM 
The Oculomotor Nucleus. 


The group of cells lying near the mid-line immediately 
below the aqueduct of Sylvius, which comprise the oculo- 
motor and its associated nuclei, have for long formed the 


d 


e 


Fic. 68.—Diagrammatic ERS E nucleus. 
1. Levator palpebre. 


2. Superior rectus. d 

3. Inferior oblique. O 

4. Inferior rectus. 

(5. Superior oblique : re IV.). 

6. Internal ocular muses (sphincter of iris and ciliary muscle). 
7. Internal rectug (@pnvergence. 

8. Internal rect@)yinward movement. 

(After Brou gQ hr. f. d. g. Neurol. u. Psychiatr., 1918.) 
subject of r pO ebate. The precise topical representation 
of the indi 1 muscles is still to a considerable extent 
hy pothagal, but although it has been denied, and although 
it u be demonstrable microscopically, the clinical 

tations of ophthalmoplegia make it certain that there 

Sr ge degree of localisation within the nucleus. Of 
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recent years, however, anatomical, embryological, phylo- 
genetical, and pathological studies have provided an accumu- 


FRONTAL 


RER Sl LARGE CELLED “AD 
EEE s ceco SE? 
Fro, 69.—Schematic representation Qf thé phylogenetical 
development of the prey. leus. 
1. Homo. y 2. Arctopitheci. 
3. Carnivora. Gi 4. Pinnipedia. 


5. Rodentia. KN 6. Cetacea. 
The large-celled lateral N uite separate from each other 
in animals with laterally AANA eyes. As the eyes migrate to the 
front and binocular visi Yelops, the two groups fuse, the area 
of fusion becoming KG; er importance, until it is most highly 
developed, with a for prolongation, in man. (From Brouwer, 
Zeitschr. f. d. g. Gg. u. Psychiatr., 1918.) 


lation of evid from which a working hypothesis may be 
construct hough at the present time it must remain a 
hypothe 


e 
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Comparative (Kappers, 1920) and embryological (Paton 
and Mann, 1925) studies indicate that the nucleus consists 
primarily of two large lateral groups of cells, each of which 
becomes differentiated into a dorso-lateral and ventro- 
median sub-group, and to which are added later, both in 
phylogeny and in the development of the human embryo, 
a median group (Perlia’s nucleus), uniting the two lateral 
masses, and an accessory paired group lying more 
anteriorly (the Edinger-Westphal nucleus). 

The main lateral nuclei are the centres of the oculomotor 
muscles ; and Brouwer (1918) has brought forward clinical 
and pathological evidence which suggests that these are 
individually represented in well-defined groups of cells 
arranged in the order cephalo-caudally, as in Fig. 68: 
levator palpebr&, superior rectus, inferior oblique (forming 
the dorso-lateral group of Kappers), internal rectus, inferior 
rectus (forming the ventro-median group of Kappers), 
immediately caudal to which is the trochlear nucleus sub- 
serving the superior oblique. It can almost be said that at 
one time or another each one of these cellgeaggups has been 
associated by different writers with eac e of the ocular 
muscles, but the scheme of Brouwer ough not resting 
on evidence which justifies it being conwdered as permanently 
established, has most to recomn 16; 

The median group of ce Rich constitutes Perlia’s 
nucleus is almost certainly concerned with convergence. 
Its association with the ex opment of fusion in the visual 
fields in phylogenetig@%history, as conceived by Brouwer 
(1918), is represer n Fig..69; it is absent in rodents 
(cf. Figs. 66 an ; it is present in carnivora, when close 
visual atter ecomes important; and it is highly de- 
veloped, witha forward prolongation, in man, the whole 
of whos RR development is dependent upon the acqui- 
sti perfection of his power of stereoscopic vision. 


rer, the value of this relationship is accentuated by 


NS of the ontogeny, for in the human embryo it 
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develops at the time when the eyes swing round from the 
primitive lateral position on the side of the head to 
occupy their final position on the front (Paton and Mann, 
1925). 

The function of the small-celled accessory nucleus of 
Edinger-Westphal is unknown. The occurrence of ophthalmo- 
plegia externa and interna so frequently independently and 
equally frequently in association, suggests that the nuclei sub- 
serving the external and internal musculature of the eye are 
separate, but at the same time nearly related. Most neurolo- 
gists locate the centre for the internal muscles in the Edinger- 
Westphal nucleus, and there is a considerable amount of 
evidence derived from stimulation and ablation experi- 
ments, and clinical and post-mortem findings in man, that 
this is the case (Hensen, Volkers, Kahler and Pick, Bruce, 
Westphal, Brouwer, Bernheimer, and others). It makes its 
appearance in phylogeny before Perlia’s nucleus, while the 
eyes are still at the side of the head (Brouwer, 1918) (Fig. 69), 
but when the habits of the animal have rendered delicate 
visual adjustment essential. In human development) also, 
it makes its appearance at the time when active h at 


the margin of the optic cup begins to form t odermal 
portion of the iris (Paton and Mann, Further, 


clinical evidence associating this cell-m ith pupillary 
movements has been brought forwar ‚enz (1924) from 
a pathological study of the central ı$ervOus manifestations of 
botulism, syphilis, and arterioscler@&%$, and by Grünstein and 
Georgieff (1925), who, in a = external ophthalmoplegia, 


found merely a small porti a lateral nucleus present on 
one side only, but the Edwer- Westphal group undisturbed. 
The matter, however/ftswöt all one-sided, and conflicting evi- 
dence can be EL pn theliterature (Marina; Bechterew; 
and, more recent] agitot, 1921; Frank, 1921, and others); 

A ch, as a hypothesis, seems to have the 
strongest, e mendation, is that the internal musculature 
of the e ~~ associated with this group of small cells. 
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The Pupillary Paths 


Our knowledge is still less of the anatomical distribution 
of the nerves and centres which subserve the pupillary paths. 


Oblique section, showing 
ıgations into the ciliary muscle. 
econstruction of the part sectioned. 

(Berner, Brit. Journ. Ophthal., 1927.) 


O 


We know tha# mesencephalic centre must exist, which may 

or may e the Edinger-Westphal nucleus ; the efferent 

path, Oray of the third nerve and the ciliary ganglion, is 

LW ; but the afferent path from the retina to the unknown 
I 


e in the mid-brain remains largely unelucidated. 


x 


SO) 
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The Pupillary Musculature.— The apparently extraordinary 
fact that the pupillary musculature is derived from ectoderm 
has already been dealt with (p. 68), and this origin has been 
offered as an explanation of the direct response of the pupil to 
the stimulus of light, which may occur in the absence of central 
nervous connections (p. 22). This action was shown to be 
comparable with the movements which occur under the influence 
of the same stimulus in the continuation of the same develop- 
mental layer backwards in the retina. The direct phototactic 
response is the primitive reaction phylogenetically, and although 
it is gradually replaced in the course of development by a more 
serviceable and plastic neuro-mechanism, it is to some extent 
retained. 

The anatomical individuality of the sphincter muscle has long 
been known, but the histological configuration of the dilator 
muscle has only been recently cleared up. It appears that the 
classical. description of Grynfellt and Heerfordt, found in 
anatomical and ophthalmological text-books, is incorrect, for 
by careful sectioning Berner (1926) found that the muscle does 
not cease, in mid-air as it were, at the base of the iris, but that 
it is prolonged, in places by single muscle cells, in places by 
groups of cells with an accompanying connective tissue sheath 
resembling a tendon, which run obliquely into the ciliary body 
and here and there are prolonged to find some attachment to the 
pectinate ligament, thus providing the muscle with a fixed 


attachment (Fig. 70). ch 


The Pupillo-dilator Nerve Paths.—The pupillo-di nerve 


mechanism is sympathetic, and issues from the inter -lateral 
tract of grey matter in the region of the cord fr, ei 
cervical to the second dorsal level. This much 

evidence necessitates a higher centre in addi hich Parsons, 
in 1904, located provisionally in the mesen Jon in the region 
of the third nucleus ; but the work of F and Kreidl in 1909 
made it probable that it lies higher 3 1ypothalamic region. 


No further work has been done upon {Ns centre, although Spiller 
(1920) has to some extent elucida the course of the fibres 
issuing from it, by showing that@pey decussate partially after 
passing the cerebral peduncle while still above the pons, 
so that it supplies both o iP yr al centres, but especially the 


contra-lateral one. 
> 


The Pupillo-Constefor Nerve Paths—The paths sub- 
serving the sphimf£@r muscle are alone concerned with the 
light reflex, a s has been indicated, their course is largely 
hypothetj 


The Dein intimate nature of the parallelism 


AO 
SV 


O 
4? 
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between the visual and pupillary responses to light stimuli 
of various intensities and qualities, affecting various areas 
of the retina, and occurring in different conditions of 
adaptation (see Hess, 1922), makes the conclusion inevitable 
that the end-organ for the pupillary stimulus and the visual 
stimulus is the same—the neuro-epithelium. So close is the 
connection that Magitot (1921) has concluded that the 
pupillary fibres are merely collaterals given off by the visual 
ones. Some of Hess’s observations indicate, however, that 
the parallelism is not absolute, and such a suggestion, in 
Parsons’ view (1924), contravenes the Miillerian doctrine 
of the specific conductivity of nerves. Moreover, a few 
sporadic cases have been reported where pupillary activity 
has been retained in the presence of blindness from optic 
nerve atrophy (Alexander, 1924; Wirth, 1924, etc.). These, 
it is true, are few, and must be carefully distinguished from 
lesions of the higher visual tracts; but, on the whole, the 
conclusion seems justified that the visual fibres and the 
pupillomotor fibres are distinct, although they run in close 
association (Hess, 1922). À 
Experimental evidence has shown (Wun of the 
optic nerve abolishes the direct, but s unaffected the 
consensual pupillary reaction; thatcsdgittal section of the 
chiasma abolishes neither ; Se ion of the optic tract 
causes a hemianopie pupil OR ; and that extirpation 
of the external geniculate ges the pupil reactions 
unimpaired. It therefore lows that the afferent pupillo- 
motor fibres follow the Se fibres very closely up the visual 
paths preserving N me topical arrangement, but that 
they leave then% ards the posterior end of the optic 
tract ; their om er course is hypothetical. They certainly 
reach a pu constrictor centre in the mid-brain, and 
clinical o Drive seems to suggest that in the journey there 
is at SC intercalated neuron. The extended and 
AN observations of Behr (1924) indicate very definitely 
1 


y each macula sends fibres to both constrictor centres, and 


c ch 
Fro. 71.—The pupillary paths. N 


The dotted and continuous lines represent the crossed uncrossed 
macular fibres. A, macula; B, chiasma; C, mesencep ecussation ; 
D, path of convergence reaction ; E, ciliary ganglion. 'Thgites of the lesions 
giving rise to various types of pupillary anomalies are rated by numbers. 
The numbered lesions denote sections which gi we to the following 


reaction on ipso-lateral and the %adirect on the contra-lateral 
side ; retention of the SE the ipso-lateral and direct on 
the contra-lateral side). 
II. Optic chiasma : seit opic paralysis. 
em 


symptoms :— 
I. Optic nerve: unilateral amaurotic K (abolition of the direct 


TII. Optic tract: contra-lateral nopic paralysis. 
IV. Central decussation : eflex paralysis (bilateral abolition of 
the light reflex, reter & convergence reaction and lid-reaction). 
IVa. Isolated abolition dë retention of light reflex. 

V. Between central sation and mesencephalic centre : ipso-lateral 
reflex paralys, Neo. lateral abolition of the direct and indirect 
light SEN retention of both contra-laterally ; normal 
ponverge: id lid-reaction bilaterally). 

complete paralysis of light, convergence, and lid 
ipso-lateral side ; contra-lateral side normal. 


reflg 
VII. MANY al pupillary paralysis. 


VII. A te paralysis to light, direct and indirect, and to convergence 
d the Hid. reaction; contra-lateral pupil is normal. 
Kai ehr, “ Die Lehre von den Pupillenbewegungen,’ Springer, 1924.) 
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that the afferent pupillary fibres decussate before they reach 
the centre. Behr’s conception of the paths (1924) is shown in 
Fig. 71, where the probable sites of the lesions causing 
various clinical syndromes are indicated. This scheme 
accounts most adequately for the many complications of the 
pupillary reaction met with under pathological conditions, 
and in its essentials it cannot be far removed from the truth. 


As to the intimate anatomy of the paths concerned, Winkler 
(1918), from anatomical studies, locates the intercalary neuron 
in the superior colliculus, from which the most probable path 
appears to be by way of the direct radial fibres, or less probably 
by the circuitous arcuate fibres, to the Edinger-Westphal nucleus 
(see Paton, 1925), from which, in this case, the fibres would be 
relayed along the third nerve to the ciliary ganglion, and thence 
to the sphincter. The evidence of ablation or experimental 
stimulation of the superior colliculus, however, is by no means 
conclusive, and Brouwer and Zeeman (1926) were unable to trace 
any macular fibres to this ganglion after causing destructive 
lesions in the retina. It seems necessary to assume that macular 
fibres subserve the pupillary reflex, and since these observers 
used Marchi’s stain in following out the tracts, their negative 
findings would seem to indicate that if pupillary fibres do reach 
the superior colliculus, they cannot be myelinated. Moreover, 
Parsons (1924-27) has pointed out that the t rior colliculus 
appears to be the centre of those elements of visual apparatus 
which co-ordinate the functions of D heir lowest level 


with the vestibular apparatus and the re System which governs 
the motor taxis of the body, at whicl Jee the pupillary reactions 
play little or no part. It may t e that, instead of being 
relayed in the colliculus, the fibre \ehter the mid-brain directly 
from the posterior end of the oy ract. In the present state 
of our knowledge any prono@ cement is impossible, and, while 
even an expression of opin) is dangerous, it is probable that 
the superior colliculus does form such a cell-station. 


The Argyll Rober Q Pupil. —It has now been established 
that the lesion 4 Cr Argyll Robertson pupil is in the 
afferent pup) & paths, just before they reach the con- 
strietor centte In the bilateral manifestation of the sign 
the lesidn@rould appear to be in the decussation itself 
(Fig. V.); in the unilateral Argyll Robertson pupil, 
wh\wccurs more rarely, Behr (1924) has shown that both 
an irect and the indirect reactions are abolished on the 

ae) 
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affected side, but that the consensual reaction in the normal 
eye is elicited only when the temporal half of the retina of the 
affected eye is stimulated. It therefore follows that, in this 
case, the lesion occurs after the paths have decussated 
(i Lev.) 

A considerable number of observations of recent years have 
shown that the sign described by Argyll Robertson—that is, 
the loss of pupillary activity to light with the retention of 
the synergic activity associated with convergence and accom- 
modation—is not confined to neuro-syphilitic lesions. It may 
occur also, apart from syphilis, in disseminated sclerosis, en- 
cephalitis lethargica, mid-brain tumours, syringomyelia, diabetes, 
chronic alcoholism, and traumata (Wilson, 1921; Ford, 1921; 
Guillain and Laederich, 1923; Botzian, 1923; Bramwell, 1924, 
and others); while Foster Moore (1924) has collected several 
representatives of a non-luetic type which is congenital. 

The Vestibulo-Pupillary Reaction.—There is evidence that 
the sphincter nucleus does not receive impulses from the 
retina only, but that a second source of afferent stimuli 
reaches it from the labyrinth. Dilatation of the pupil fre- 
quently occurs after catheterising the Eustachian tubes 
(Bilancioni and Bonanni, 1921), but this may be dye to a 
reaction from the trigeminal and sympathetic neryegé After 
‘rotation, however, or after air-compression of xternal 
auditory meatus, a reaction occurs which i parently a 
true reflex mediated by the third nerv 'odak, 1921 ; 
Wodak and Fischer, 1924; Spiegel ër The typical 


reaction consists of a preliminary coktrAdtion of the pupil, 
which is increased with a jerk SR the rate of rotation 


is increased, and this is follow the end of rotation, or 
sometimes during it, by a wal@Mmydriasis, which may pass 
into hippus. The NZ n seems to have several 
analogies with nystaggs\ 
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3. THEA@RIGEMINAL NERVE 
The Centrat\ Ghnections of the Trigeminal Nerve 


The prinkry nuclei and secondary connections of the 
trigeminalCgerve are still the subject of much controversy. 
Their @rplexity is readily appreciated in view of the | 
religy enormous development attained in the course of 
€ ion by both the somatie and visceral elements of the 
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sensory receptor mechanism in the region of the head, the 
part which dominates the whole of the rest of the body. In 
addition to supplying this region where the projicient senses 
are collected, it inervates the important organs of exploration 
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Fic. 72.—The SC ER system. 


(Adapted from NER 21, after Paton.) 

The three divisions of -spinal root are: a, nucleus 
sensibilis o: b, nucleus se Sb; c, nucleus gelatinosus. The 
ascending tracts from o b are crossed. The path from e is 

ng t9 


unknown, but it see e uncrossed. 


+ 
(for example, t at in monotremes and the whiskers of 
the cat), whileQIS closely related to the central co-ordinating 
EES ER he motor reflexes, as is seen in its relationship 
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to the motor tracts to the pectoral fins in fishes, to the hind 
legs in frogs, and to the neck muscles in mammals. 

The somatic system which subserves the afferent impulses 
from the head and face loses its segmental character, and, 
with the exception (in man) of the auricular branch of the 
vagus and a few branches of the glossopharyngeal, is 
aggregated into one complex centre, the trigeminal, which 
may thus be regarded as the fusion and summation of all 


‘the posterior sensory roots, which correspond with all the 


motor nerves originating in the brain stem. Of these motor 
nerves, one associates itself with the trigeminal; and 


autonomic fibres, afferent and efferent, complete the elements 


which combine to form the fifth cranial nerve group. 

As has been indicated, the unravelling of this complexity 
has presented many problems, some of which are as yet 
unsolved. The general arrangement as presently accepted 
may be gathered from Fig. 72; where controversial points 
arise they are indicated. 

The Trigeminal Nuclei—The trigeminal system contains 
three main nuclei: the mesencephalic, the bulbo-spinal, and 
the motor. OS 

The afferent fibres, on entering the ORS: pursue in part 
an ascending course, the mesenceph oot, and in part a 
descending course, the bulbo- “SPIRA QD root. The ascending 
fibres run close to the grey mg roundina the aqueduct 


to the outer part of the rgo he mid-brain, where they 
probably end in the cll the locus coeruleus and the 
tectum. The descendir res run downwards as far as the 
second cervical level ox end in relation with the cells close 
to the substanti Gi nosa Rolandi. The motor nucleus 
lies between they N in the pons near the corner of the 
fourth ventr im 

The nawe of the mesencephalic root has not yet been 
decidec NS ıylogenetically it is of extreme antiquity (Neal, 


19 riginally it was thought to be motor in function 
EN ıerrington in Schäfer’s “ Phy siology ”), and its close 


O, 
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connection with the muscular branches of the third division 
of the fifth seems to have been proved by the retrograde 
degeneration experiments of May and Horsley, and Willems 
some sixteen years ago. In 1909, however, Johnston con- 
cluded that the bundle was largely afferent, and at the 
present time two alternative views are held regarding its 
function. Evidence has been adduced in favour of both, 
but decisive proof of either of them is lacking. The view is 
well substantiated, especially from phylogenetical considera- 
tions, that its fibres represent the proprioceptive mechanism 
of the mandibular muscles (Kappers, 1920; Kidd, 1922 ; 
Parsons, 1927), while, on the other hand, the position of the 
nucleus and the histological appearances of the cells of which 
it is composed has led Winkler (1921) to conclude that it is 
autonomic in nature, subserving the vaso-motor and secre- 
tory reflexes in the region which its fibres supply. In the 
first case its migration to the neighbourhood of the motor 
reflex centres can be explained on neurobiotactic grounds 


(see p. 277). 

The bulbo-spinal root is sensory and somatic, and Aer 
(1921) has divided it into three parts differing be one 
another in their functions and connections. 

(i.) The nucleus sensibilis a, lying most (e Morly, and 

I 


not extending downwards beyond the med n Winkler’s 
opinion, it is probably concerned large h the reception 
of proprioceptive impulses (although, sdmie fibres of tactile 
sense may be included), and its cells@Yr espond with those of 
the nuclei of Goll and Burda It links up with the 
thalamus by two tracts, the al and ventral trigemino- 
thalamic, which are assocQ with the mesial fillet. 

(ii.) The nucleus a Ko b, lying intermedially. It 
receives enteroceptive Wpulses, and probably those of pain 
and temperature, its cells correspond with those of the 
posterior horns O) he cord and the stratum spongiosum 
Rolandi. So run into the spino-thalamic tract and 
become asch Led with the lateral fillet. 

20 
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(iii.) The nucleus gelatinosus, extending down to the second 


-cervical level and concerned with exteroceptive impulses. 


Those from the ophthalmic division of the fifth go to the 
most distal part of the nucleus, and those from the third 
division to the most proximal part (see Fig. 72); thus the 
early metameric arrangement is retained, whereby the 
sensory fibres from the buccal aperture are more anterior 


than those from the nasal aperture, which, again, are more 


anterior than those from the orbit. Its fibres are relayed to 
the cerebral cortex, and it has complex relationships in the 
mid-brain whereby the cutaneous sense of the head is 


brought into association with photostatie (II) and gravi- 


static (VIII) impulses, and is correlated with the muscles 


of the neck which are so intimately concerned with postural 


reflexes (Sherrington, 1920; Magnus, 1924; see p. 316). 


Pathological Lesions 
Herpes 
The pathological interest associated with the fifth nerve 
has been extended in the most unexp Ko manner during 
recent years by the enormous amoy QN work which has 
been expended upon the various ration of herpes 
and those diseases with which ¢Qhpears to be associated. 


It is too early yet to assess al value of the widespread 
researches, among other Grüter in Germany, of Lip- 
schütz in Austria, of aditi, Harvier, and Nicolau in 


France, of Goodpasgpyr and Teague in America, and of 
da Fano and RCA in England; their work is bearing 
fruit of extrer érest and importance, not only in oph- 
thalmology inn the wider field of general medicine. 

The Heres) Virus Some fifteen years ago Grüter demon- 
strated. the existence of a specific herpes virus, established 
the Sility of its transmission from man to animals, and 
RN the relationship between the various forms of simple 
‘pes to one another (labialis, facialis, genitalis, and 
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cornealis). With regard to this virus a few facts may be taken 
as now established, and many hypotheses, some of them of 
far-reaching import, have been put forward. The virus 
found in the vesicles of herpes is an ultra-microscopic filter- 
passing organism. When it is transferred to the cornea of 
the rabbit, it produces a similar lesion, and the infection 
travels up the nerves and produces an affection of the 
central nervous system—herpetic encephalitis (Doerr and 
Vöchting, 1920; Löwenstein, 1919-23; Levaditi, Harvier, 
and Nicolau, 1920-26, and many others). The virus will 
travel up to the central nervous system by any nerves which 
supply the affected area, motor, sensory, or sympathetic ; 
in the case of herpes cornez the route is by the first division 
of the fifth, and the primary central lesion is in the bulbo- 
spinal root. The path of progression is not definitely 
decided, whether by the perineural lymph spaces (Marinesco 
and Draganesco, 1923) or by the axis cylinders of the nerve 
fibrils themselves (Goodpasteur, 1925). 

This much is established beyond doubt : hereafter we are 
dealing with deductions and analogies and must 
with caution. It has been established that the his 
changes produced in the grey matter of the cen nervous 
system in herpetic encephalitis bear a very ANSng resem- 
blance to those which occur in SE leat Sica, although 
the characteristic inclusion bodies Gë uli) which are 
found in the affected cells of the co epithelium and in 
the brain in the former have not: be@) solated in the latter. 
It may also be accepted de lethargica is 
caused by an ultra-microsco rus. It may or may not 
be that the two lesions are ee of the same disease, 


but although the of the causal organisms is not 


proven, and although\w/case can be made out against it 
(Goodpasteur, 1922601. evaditi (1926) has brought forward 
many argumen SC support his contention that the herpes 
virus is res ee for both. It may be that the variation 
in its i is determined by variations in the resistance 


20—2 
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of different tissues, or it is possible that under different con- 
ditions of toxicity the virus is capable of assuming different 
strains, with a preferential affinity for different tissues. The 
second view is ably sponsored by Levaditi (1926), and he 
has extended this doctrine to apply to the activities of other 
organisms—for example, that of syphilis, which, as is well 
known, manifests itself either in the central nervous system 
or in the periphery. In his opinion the herpes virus has an 
affinity for those tissues derived from ectoderm, the skin 
and cornea, and the central nervous system. Under normal 
conditions it is dermotrophic, and produces the lesions of 
herpes cornex ; but when its toxicity is increased it acquires 
a neurotrophic tendency, and produces cerebral lesions. The 
variations in character may pre-exist or may be induced 
artificially, as, for example, by transmission through animals, 
and the two forms are to a certain extent mutually exclusive. 

Related to herpes simplex is herpes zoster ophthalmicus. 
This is met with in two forms: epidemic herpes zoster and 
symptomatic herpes zoster (see Paton, 1926). The first is an 
acute epidemic disease, caused also by Iterable virus, 
whose focus of infection is probably th eran ganglion 
(that is, a posterior root ganglion). clinical manifesta- 
tions of herpes zoster and herpe plex are completely 
different ; the histological lesi the two cases are not 
the same, the immunologic ions of the sera of affected 
patients do not give positfgeOmplement fixation tests, and 
animal inoculation expe€ipents designed to elucidate their 
relationship have py@@d inconclusive. At the same time, 
Goodpasteur anc Ode 1 1923) have produced a lesion 
resembling zo Q, e by using a virulent strain of 
herpes simpte N by employing virus from the ganglion 
thus affect hey seem to have produced a herpes simplex 


again. (e common with Grüter (1924), therefore, they 

con that herpes simplex is a dermotrophie strain of the 

toxic neurotrophie zoster virus, and that the two 
eases are different manifestations of the same entity. 
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Again, there is a large amount of clinical evidence to 
associate herpes zoster with varicella (chicken-pox) ; both 
of these commonly occur in epidemics together, the anti- 
bodies in the serum are identical in the two cases (Netter 
and Urbain, 1924), and the one confers an immunity against 
the other (Kundratitz, 1924). This seems to suggest that 
the two are very nearly related, and it may well be that 
herpes zoster and chicken-pox are essentially the same. 
It is possible that they differ only in the mode of attack by 
the virus—in the first case by lymphatics, in the second by 
the blood stream (Cranston Low, 1919) ; while Cipolla (1923), 
on the other hand, suggests the possibility of the occurrence 
of two forms of epidemic herpes zoster, one allied to chicken- 
pox, and one allied to herpes. 

Further, there is a close immunological connection be- 
tween epidemic herpes zoster and vaccinia ; and all three, 
herpes zoster, varicella, and vaccinia, may produce a form 
of encephalitis allied to encephalitis lethargica. Lastly, the 
lesions in the posterior ganglia which occur in epidemic 
herpes zoster bear a strikingly close resemblance t ose 
which characterise the cells of the anterior horns 1 terior 
poliomyelitis. This also is an epidemic disease by 


an ultra-microscopic filter-passing virus. WO e connec- 


tion is between them, if any, is as yet puf” ıypothetical, 
but a clinical association between herp er and anterior 


poliomyelitis, both as a symptom an in the same seasonal 
prevalence, is well known. The Qheial paralysis which 
commonly occurs in poliomye i) is very frequently peri- 
pheral, and not central (Coll; 926), and syndromes have 
been observed in the eye a a Sedo Aal attack of pain 
has been followed, no by corneal anæsthesia, but also 
by the paralysis of S or nerve (internal ophthalmoplegia) 


—a “ motor herpa 


Closely resefaßüing epidemic herpes zoster in its clinical mani- 
festations, omatic herpes goster is due to a completely 


different N , and has quite a different history. Here the 
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eruption is not the result of the activity of a virus, but is due to 
the secondary involvement of the sensory nerve or posterior 
root ganglion in the course of another lesion, inflammatory, 
traumatic or neoplastic, as, for example, a syphilitic or tuberculous 
meningitis, a basal fracture, or a pontine tumour. It is thus 
in essence a neuropathic keratitis. What the essential cause 
of these neurotrophic disturbances may be is still an unanswered 


Ge, gege 


Fro. 73 (a).—The gegnmon type of corneal involvement in 
zoster ophthalmicus. 


Ce rit. Journ. Ophthal., 1926.) 


question: W (T they be due to the destruction or aberrance 
of the quite hypothetical “ trophic ” fibres (Magendie), to irrita- 
tion of ro elements (Charcot), to a vaso-motor upset (Claude 
Bernar © traumatism acting on an insensitive structure 
(Snel ‘Ors drying of the cornea either from evaporation (Feuer) 
or ih an interference with the lacrimal secretion (Verhoeff, 
N , to a specific bacterial infection (Eberth), or to a direct 
y ead of the process of degeneration from the nerve terminals 
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to the substance of the cells with which they are associated 
(Gowers). 


The present position with regard to the herpetic infections 
is full of uncertainties and possibilities, and further experi- 
mental findings and new theories are appearing almost from 


Frc. 73 (b).—A spot in the precedinod seen by the slit-lamp. 
(Paton, Brit. J ourn, Gyhthal., 1926.) 


day to day. The study N tra-microscopic viruses has 
fi 


already opened out ir elds for research not only in 
the restricted sphere gf ophthalmology, or even within the 
domain of the cen Ze nervous system, but it is casting new 
light upon the ©) ogy of many of the exanthemata, and 
may BERN aid in finding the solution of the riddle 


or discussion and literature, see Paton, 1926. 
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of tumour formation. In the present case it seems 
that herpes simplex is very closely related to encephalitis 
lethargica, but only very doubtfully to herpes zoster ; while 
the epidemic form of the latter is very definitely associated 
with varicella, which in turn forms a connecting link with 
vaccinia, while it shows many analogies with anterior 
poliomyelitis. 

Clinical Manifestations in the Cornea.—Whatever may be 
the ultimate view of the identity or affinity of the causal 
organisms concerned with these conditions, a very clear 
distinction can be drawn between herpes simplex cornex 
and herpes zoster ophthalmicus from the clinical point of 
view. The following summary, taken from Paton (1926), 
brings/out the essential points: 


HERPES ZOSTER EPIDEMICUS HERPES SIMPLEX 


(1) Follows distribution of the 
nerves affected. 

(2) Always a preceding neu- 
ralgia. 

(3) Arises independently of any 
preceding disease. 


May do so, but not necessarily. 


No preceding neuralgia. 


Follows many Pring of which 
ome 


produce N ring of tissue 


(4) Attacks true skin, leaving f superficial layers ; 


permanent scarring. 
(5) One attack seems to confer 
immunity. 
(6) Duration three to four 
weeks, with long-continugd 
diminution of shi 


eNmanent scarring. 
Tegdejcy to frequent recur- 
ces. 
ation variable, often a few 
no impairment of 
sensibility. 


Herpes simplex, as j@ffects the cornea, is a local lesion, 


the most common & 


al manifestation of which is a den- 


dritie ulcer. It we nost certainly the case that a consider- 


able proportj Q 
local lesion GE 
systemic 
resist 


the population are herpes carriers, and the 
occur with or without an accompanying 

ction, very frequently in those cases where the 
of the tissue has been lowered by some other 


di , such as influenza or pneumonia. 
rpes zoster epidemicus, on the other hand, is an acute 


ch 
„oO 
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infection, epidemic in nature, affecting the posterior root 
ganglia, the nerve fibres originating from these ganglia, and 
the skin, mucous membrane, and other structures supplied 
by these nerves. The primary lesion is most probably in 
the ganglion, where it is characterised by acute inflammatory 
changes with a small-celled infiltration, haemorrhagic exuda- 
tion, a destruction of the ganglion cells, and an inflammation 
of the sheath, closely resembling the changes in the anterior 
horns in poliomyelitis. The initial corneal lesion seems 
usually to be a sub-epithelial infiltration in the superficial 
layers of the substantia propria (Fig. 73), which probably 
occurs round the points at which the terminal nerve fibres 
pass from the deep corneal plexus to the more superficial ; 
this may result in vesicle formation and subsequent secondary 
ulceration, or it may lead to keratitis profunda, or it may 
remain the sole manifestation of corneal involvement (Paton, 
1926). Accompanying these corneal lesions there may be 
a marked diminution of sensibility, a local rise of tempera- 
ture, an iritis or iridocyclitis, a complicated cataract, an 
increase or a decrease in the intra-ocular tension, optic 
neuritis, which may be followed by atrophy, an hird or 


seventh nerve paresis. & 


naan ON 


The neurological anatomy is -fo 
Omnia,’ Vol. VII., Haarlem, 192 


Full reviews on the recent oe Herpes are found in DOERR, 


in WINKLER, “ Opera 


Zentralb. f. d. ges. Ophthal Arenz., 14, 705,.833; 15, 313, 
537; LEVADITI, “L'Her N t le Zona,’ Paris, 1926; PATON, 
Brit. Journ. Ophthal., 10, , 1926. 
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The Sach of the Labyrinth and Cerebellum.—In the 
whole of it ae there has been no greater advance within 
recent s, or one which has introduced a greater number 
of 1 Ronee or has been richer in its results, than the 


aS ive researches which have been undertaken on the 


rn em 
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functions of the labyrinth and the cerebellum and the 
governance of reflex muscle tone. 

The somewhat unsatisfactory state of the earlier con- 
ceptions of cerebellar function was considerably clarified by 
the researches of André-Thomas in 1912, and Babinski and 
Tournay in 1913, who ascribed to this ganglion the function 
of maintaining stability and equilibrium in the motor taxis 
of the body. The position was more clearly defined by the 
elaborate and epoch-making experimental researches of 
Sherrington (1898-1920) and the extended clinical observa- 
tions of war injuries by Holmes (1917). As a result of these 
it was established that the cerebellum was a purely motor 
organ, taking no part in the execution of movements, but 
tuning the activity of the voluntary motor mechanism so 
that it responded to stimuli immediately, effectively, and 
with appropriate force. The cerebellum was thus the “ head 
ganglion of the proprioceptive system,” and served as the 
central nerve organisation of the labyrinth, which was looked 
upon as the proprioceptive organ for the head segments 
(Sherrington). sl 

Within the last few years the fascinating ar genious 
experimental work of Magnus, de Kleijn, and 
in Utrecht, has brought ample confirmation e deductions 
of Sherrington ; but it has done more, Man established 
the fact that in the reflex u serving the main- 
tenance and variation of muscle t nd postural activity, 
the labyrinth, and not the N is the important organ. 


Magnus (1924) has shown ne whole complex system 


of postural reflexes is re unimpaired after ablation 
of the cerebellum and RN erebrum, and that it is only in 
the voluntary an these reflexes that the cerebellum 
is necessary, while cerebral cortex exerts an influence 
through the met doch of the cerebellum and not otherwise. 
In the lower (rabbit) the eyes play little or no part 
in the r an of posture, but with the development of 
eg the co-ordination between the eyes and the 
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labyrinth becomes more important, until eventually (in the 
monkey) the eyes can replace fully and compensate ade- 
quately for the loss of both labyrinths, acting vicariously for 
them when they are destroyed in the otherwise intact 
animal. It appears, then, that the labyrinth dominates the 
proprioceptive system, and the eyes tend to dominate the 
labyrinth, while the cerebellum is a differentiating and 
integrating mechanism, itself under the dominance of the 
cerebrum (Walshe, 1921). 

Postural Reflexes.—Postural reflexes are the characteristic 
responses evoked in an animal by which it orientates itself 
in response to gravity or other forces. They have been 
studied in their pure form in the decerebrate or thalamic 
animal by Magnus. In the former he has distinguished two 
types of static reflexes : labyrinthine reflexes, which arise from 
stimulation of the otoliths, and which depend on the position 
of the head in space, and neck reflexes, which arise from the 
proprioceptive nerve endings of the muscles of the neck, and 
which depend on the position of the head with relation to the 
trunk. The former can be studied free fronakomplications 
by immobilising the neck ; the latter, afte ne destruc- 
tion of the labyrinths. The movem of which these 
reflexes are composed are compensate ïn nature, tending, 
as far as the eyes are concerned, etain the visual field 
as far as possible in its normal tion. In the first group 
of reflexes which are Ge vith the labyrinth, the re- 
sponse is obtained by rotat(@y the head in a direction other 
than in the horizontal Br, and in them the eyes are moved 
in a compensatory ion by a delicately adjusted reci- 
procal action of gonistic muscles—the superior and 
inferior recti (rhe obliques. The lateral recti play no 
part. In the Sy reflexes, on the other hand, all the ocular 
muscles af Gollo) into play, and all movements of the head 
in all s, including the horizontal, tend to be reflexly 
RU ated by reverse movements of the eyes. Under 


conditions, when both groups of reflexes are active, 
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the total effect produced is the algebraic summation of the 
two influences, and the final result is the almost complete 
compensation of all movements in all directions. 

Magnus has differentiated a further group of static reflexes, 
by which the animal keeps itself properly orientated at rest, 
and recovers its normal posture after it has been disturbed. 
These righting reflexes are subserved by centres in the mid- 
brain and pons, and they are best seen when. the cerebral 
hemispheres have been removed (the thalamic animal) so 
that voluntary movements can be eliminated. If the visual 
cortex remains intact, however, by the agency of visual 
righting reflexes, the higher animals (cats and dogs), which 
have binocular vision, can orientate the head after bilateral 
labyrinthectomy, provided the eyes can be used ; if the eyes 
are covered up, they immediately revert to the disorientated 
condition of a labyrinthectomised. rabbit. These visual 
reflexes differ from all other postural reflexes in that they 
are subserved by the cerebral (visual) cortex. 

These static reflexes are elicited by abnormal orientation. 
Another group of stato-kinetic reflexes is called into play by 
changes in movement, its initiation, accelerationygy rotarda- 
tion. These also are to a large extent comper Gu, Thus 
rotation produces a “ head nystagmus Aa an “eye 
nystagmus.” In the latter the eyes ten&\ remain as long 
as possible in the same position enw the visual field, 


_ and then they are quickly brough&ack in the opposite 


direction to the original positionfwith relation to the head. 
The slow movement outwardg, not the rapid movement 
back, is therefore the impOWant one. There is thus an 
extremely well-develop Sr lation of ocular, labyrinthine, 
and neck reflexes, b CR ns of which both in movement and 
at rest, and in the Ce physiologically possible positions 
of the head wit Gyspect to the body in space, the correct 
visual d Nd the suitable correlation of the two eyes 


are ensu N alshe, 1924). 
The > anism of Tonus and Postural Activity.—The 
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centres in the central nervous system which mediate the 
activity of postural reflexes have been approximately located 
by the method of sectioning the brain-stem at different 
levels and then observing how far they are retained (de Kleijn 
and Magnus). It has already been pointed out that the 
cerebellum is not concerned in their central representation ; 
neither is the cerebrum, with the exception of the visual 
righting reflexes of the higher animals, which require the 
intervention of the visual cortex. 

The central organisation for postural reflexes lies in the 
brain-stem, and is divided into three constituents :— 

(1) The centre for all the labyrinthine and neck reflexes, 
except the reflexes to the eye and the righting reflexes, is 
situated between the level of entry of the eighth nerve and 
the upper cervical segment. 

(2) The centre for the visual reflexes lies between the 
eighth nerve and the oculomotor nucleus. 

(3) The centre for the righting reflexes (except the visual 
righting reflex of primates) is distributed : the reflexes from 
the labyrinth are probably centred in the red nucleus (Rade- 
maker, 1923) ; the centre for the neck reflex extends down 


into the medulla. 
The nature of the peripheral mechanighNof muscular tonus is 


still conjectural. The absence of f ıe when a static pose 
is maintained over very long ye of time indicates that 
tonic activity differs profound!*om voluntary contraction. 
The difference may be in th¢nature of the type of metabolism 
responsible for the musg@plar contraction, or it may be due 
to the presence of ta iterent types of muscle fibres or 
to a different n aCsipply. All these explanations are 
largely hypot l, and none of them have received 
adequate ln confirmation. 


The mie gehe associated with the tonus of muscle is certainly 
different ı that of tetanic contraction, but the difference 
seems Ntitative rather than qualitative (Roaf, 1912-13; de 
Ba N 1916-24 ; Fröhlich and Meyer, 1920; Bayliss, 1924). 
TAN ggestion that the two types of activity, tonic and voluntary, 


en Ann 
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are carried out by anatomically different muscle fibres supplied 
by different nerves (Wilson, 1921; Kulchitsky, 1924; Hunter, 
1924-25) is based on grounds which are unconvincing anatomi- 
cally, experimentally, and surgically (see Walshe, 1926 ; Lovatt 
Evans, 1926). A double nerve supply, sympathetic and somatic, 
is undoubtedly associated with striated muscle ; but it has been 
abundantly shown that stimulation of the sympathetic does not 
produce an increased muscle tone, nor does the administration 
of adrenaline (Kuno, 1914). On the other hand, Rijnberk (1916), 
Cobb (1918), and de Barenne (1924) found no decrease of tonus 
on removing the sympathetic chain, while de Barenne (1924) found 
that division of the anterior roots, the sympathetic supply being 
left intact, completely abolished decerebrate rigidity. In the 
light of this evidence, therefore, it would seem that the sympa- 
thetic supply to muscle cannot justly be made the sole factor in 
the maintenance of muscle tone, and it would seem probable that 
postural activity is regulated by the same peripheral structures 
as those employed in the execution of voluntary movements 
(ef. p. 47). 


Nystagmus.—Nystagmus is a condition showing many 
various types, and having a complex and many-sided 
etiology. Its greatest interest, however, undoubtedly lies in 
the central mechanism normally concerned with the adjust- 
ment of the movements of the eyes. Of the several com- 
ponents which enter into this adjusting system cke bular 
component is the most important. The ature on 
nystagmus during the last ten years has b s sterile as 
it is vast; but it would seem that the Mom promise of 
fertile enquiry lies in the further eluci of the physiology 
of the postural reflexes and theirgy!swAl and labyrinthine 
connections, the pathology of th nervous organisa- 
tion controlling and integratingythem, and in the intimate 
nature of the peripheral EE of tonic activity in 


muscle. 
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5. THE NEURO-PSYCHOLOGICARQGENDATIONS 
OF VISIO O 


The Genesis of TS 1e first chapter of this 
book it was indicated thatgli is known of the complex 
physico-physiological peng by whose agency physical 
stimuli incident upon thgyetina are transformed into nervous 
impulses ; still less om of the physiologico-psycho- 
logical mechanis (de eby these activities which occur in 
the periphery N and integrated at the higher 
levels as sensgtibns and interpreted and inter-related with 
the experiGayes of consciousness.. The philosophy which 
without @ubt is the most attractive and pragmatic is that 
ANa the hiatus between nerve processes and 


co usness as merely illusory. We have already seen that 
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been foretold because it cannot be H 
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there is much that is transcendental and inscrutable in the 
intimate structure of the atom ; and if to-day we can regard 
with equanimity the hypothesis that matter and energy 
are identical, the relation between mind and matter (or 
energy) seems less obscure. 

Be this as it may, the most secure bridge whereby to 
attempt to span the gap is not the introspective methods of 
psychology, which are little amenable to scientific discipline, 
but rather the direct observational and experimental 
methods of biology. In the building of such a bridge the 
foundation has been laid by Parsons (1927), who, gathering 
together the biological, physiological, psychological, ana- 
tomical and clinical researches of Piéron (1919), Sherring- 
ton (1920), Head (1920), Rivers (1920), Kappers (1920), 
Lloyd Morgan (1923), Miller (1923), Magnus (1924), Allen 
(1923-25), and a host of others, has formulated a working 
hypothesis on biological lines which embraces not only the 
neuro-psychological mechanism of vision, but is applicable 
to the wider field of perceptual processes generally. 

We will consider Parsons’s thesis here only as it ae 
vision. N 

The basis of the conception which he has pu (ward is 
the doctrine of Emergent Evolution of Lloyd Morgan "` stripped 
of metaphysical implications.”” Occasiona 1 the course 
of evolution something new occurs wk ould not have 
reted in terms of 
the algebraic summation of the ie”) effects of a combina- 
tion of causes. When sodium clgpride is dissolved in water 
something new occurs which d not have been predicted 
without previous experie a solution emerges; as the 
concentration of the sg A increases, suddenly crystallisa- 
tion takes place. Justis these emergents arise upon the 
physical plane, so Gp the vital plane at a certain stage of 
evolution life en@ieed ; at a later stage (or perhaps con- 
temporaneo consciousness emerged. There are three 
such evolu N levels: the physical level, the level of 
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life, and the level of consciousness. These are severally 
characterised by the inter-relation of physico-chemical, 
physiological, and psychological events, and events at each 
higher level involve and depend upon concurrent and 
associated events at the lower levels. 

Perception is thus the result of the integration and corre- 
lation of many sensory factors of diverse modality and 
quality. With the advance of differentiation certain 
modalities assume a preponderant röle in certain species— 
the lateral line of fishes, the olfactory apparatus in the lower 
animals, the visual functions in the higher. The intellectual 
supremacy of man is directly dependent upon the complexity 
and refinement of the visual patterns he is capable of 
appreciating and assimilating, and to which he is capable 
of reacting. 

Levels of Integration. "The highest emergent, conscious- 
ness, thus arises from the integration and correlation of 
physiological impulses, and it is by a study of these that its 
intimate nature can most safely be analysed. Among these 
there are similarly levels of emergent evolution, each repre- 
senting a stage in complexity in the N of kinetic 


level of conscious perception. Eac en it has proved itself 
biologically serviceable to the spec ecomes part and parcel 
of the make-up of the indiys of the species, and upon 
it is built up higher an more complex integrations. 
The essential point of whole sequence is that it is 
biologically ee 
The lowest PR ae of these integrative levels 
is concerned wi éfundamental processes upon which the 
survival eon ecies and the individual depends. These 
processes ital import are little differentiated and are 
plastic*ifheir potentialities. The mechanism which they 
com Parsons calls dyscritic, and it corresponds, in a 
N way, but with some important and significant 
eptions, with the protopathic cutaneous sensations of 


integration. Each of these is en a corresponding 
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Head. From out of these essentially vital and utilitarian 
processes have evolved, and upon them is superimposed, a 
more delicate epicritic mechanism, susceptible to finer 
gradations, endowed with more accurate local signature and 
discrimination, less charged with affective tone, and of 
greater cognitive import. At a still higher level, integrating, 
interpreting, and co-ordinating the lower integrations which 
are subservient to it and out of which it has evolved, is the 
syncritic mechanism of consciousness. At the dyscritic 
stage the reception of stimuli merely raises the potential of 
the primitive stream of consciousness, arousing a general 
awareness charged with affective tone which is either 
pleasant or unpleasant, and stimulates the effector mechan- 
ism to bring about a mass reaction (all-or-none) which is 
either positive (pleasant) or negative (unpleasant). In the 
epicritic stage the diverse sensations are discriminated, and 
awareness, being focussed upon those individual features 
of the perceptual pattern which are of the greatest biological 
significance, becomes attention. At the syncritic stage, 
when biological significance has undergone deer Se 
attention becomes interest, and with interest bes 


contemplative thought. 

The Motor Functions of Vision.—In the Gi stages 
the invariable response to luminous stimular was motor, 
a trophism, to or away from the light, all vertebrates 
below the amphibia the visual functjotts?remain primarily 
motor and postural and their agtWities are essentially 
photostatic, just as the eighth ng@%e is primarily vestibular 
and gravistatic. As such, bej f essentially vital import, 
they belong to the dyserity el. The persistence of these 
functions in man and ere importance of vision for 
his equilibration and ‘wintation is only beginning to be 
realised, for the stg functions are overshadowed by the 
more patent dy Die functions, and both tend to be over- 
whelmed b I highly developed sensory and cognitive 
functions. N 
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We have seen that the mid-brain is the great co-ordinating 
centre for these photostatie and gravistatic impulses, the 
meeting place of the dyscritic sensory mechanism—the 
exteroceptive optic, static, tactile, olfactory, and gustatory 
sensory impulses, and the proprioceptive impulses originating 
in the muscles, tendons, and joints. These are subserved 
by the Edinger fibre-system, a system of sensory neurons 
of the second order occurring universally in vertebrates," 
the median longitudinal bundle playing an important part 
as a collecting tract. With these activities the cerebral 
cortex has no determining influence. The visual fibres 
representing this system pass from the optic tracts to the 
superior colliculus (the tegmen), and this represents the 
survivors of practically the whole of the primitive visual 
system. These come into relation with the bulbo- and spino- 
tectal fibres, the vestibular system, and the mid-brain centres 
which govern the motor taxis of the animal (p. 318). The 
tectum receives no fibres from the macula, which is a late 
acquisition, and although it receives fibres from the cere- 
. 279). 
ace and control 


brum, it has no cortical projection (see als 

It is evident, therefore, that the mai 
of posture, the co-ordination and equ 
and orientation in space are the 


ation of movement, 
yary visual functions 
and form the foundations, lap relegated to the reflex 
subconscious level, upon “O erception is laid ; as such, 
even in man, physioloßgalfy and psychologically, these 
activities are subserved Dy a dyscritic mechanism. Upon 
this is superimposed more finely differentiated epicritic 
mpulses especially concerned with 
ption and the finer adjustments of eye 
se have a relay station in the pulvinar of 
the thalamts, where they are correlated with the fibres from 
the am? x peduncle of the cerebellum and the red nucleus, 
an 1e into relation with the thalamo-cortical fibres to 

Arm region of the precentral convolution, and they are 


system, mediati 
stereognostic 
and hand. 


e 1 Largely elucidated by Brouwer; see Kappers, 1920. 
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provided with a rich cortical projection to the angular 
gyrus (see p. 279). The cerebellum, in its subservience to 
the cerebrum (see p. 316), provides the finer differentiations 
and the more complex integrations of the syncritic level. 

The Sensory Functions of Vision.—On the sensory side 
the same stages of evolutionary development are apparent. 
Decidedly the most securely supported theory of vision is 
that involving a duplicity hypothesis of one kind or other. 
This dual mechanism Parsons (1924) has differentiated as 
scotopic vision, which is carried out under low intensities of 
illumination by the dark-adapted eye through the medium 
of the rods, and is seen typically in the peripheral retina, 
and photopic vision, carried out in higher intensities of 
illumination through the medium of the cones, and is seen 
typically at the macula. We have already seen that recent 
work on the biochemical (p. 27) and biophysical (p. 30) 
processes which accompany retinal activity demonstrate the 
working of two separate mechanisms, one law holding good 
for the rods, and the other, a logarithmic law, governing the 
behaviour of the cones. Subjective experimentation, ¥lso, 
has amply corroborated the hypothesis (see ParsonK\924). 
Scotopic vision is essentially dyscritie in its vag ss and 
erudity, its undifferentiated character, ang N lack of 
discrimination, while the meticulous exacti of photopic 
vision, with its refined qualitative diff tion of colour, 
marks it as pre-eminently epicritic. 

The dyscritic light sense, SE the superposition 
of the epicritic upon it, loses Game of its fundamental 
characteristics in the process KOyubordination, while other 
elements of biological utils Chive been retained and have 
been combined with Clements of the epicritic level. 
Thus, although there foe that in its most primitive 
manifestations it iẸxhibit an all-or-none reaction, with 
the companyia Geen to initiate a mass reflex as a 
response, tł N aracteristic is lost in the higher animals. 


_ When visio ecame definitely projicient such an action 
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| would interfere with the biologically serviceable function 
of discrimination, and hence it tends to be suppressed— 
| an adaptive process comparable to the interference of 

| ! antagonistic reflexes which use a common path, a universal | 
|) faculty of the central nervous system demonstrated by 
| Sherrington. In addition, the dyscritic element has acquired 
some epicritic attributes, for it shows evidence of gradation 
| as well as some qualitative differentiation under strong 
stimulation. The first of these is seen in the existence of a 
| luminosity curve in the peripheral retina; the second is 
H exemplified in the fact which has recently been established 
(Feree and Rand, 1924) that the fields of vision for colour 
j persist to the periphery and are co-extensive with the field 
I for white if the stimulating light is of sufficiently great 
| intensity. 

The most significant peculiarity of the dyscritic light sense 
is its acquisition of a very high degree of adaptation, whereby 
d its sensitivity to feeble stimuli is greatly increased and the 
d threshold stimulus value is greatly lowered. This allows the 
performance of its main function, the pergéption of move- 
|| ment, a matter of supremely vital impom\ his cannot be 

| regarded as a function of the retina its ut is a perceptual 
| process involving a synthesis which eripheral mechanism 
| cannot effect. Parsons interpret extreme sensitivity of 
| the peripheral retina to mov , not as detracting from its 
ul essentially dyscritic natugg, “efit as being due to the low 
| stimulus threshold of the S mechanism, to its capacity 


avm 


| 

| 
| 
| for summation, whey$gy subliminal stimuli surpass the 
| threshold if they az&)ginforced numerically, whether by an 
i increase of th N excited or by successive excitation 
| of neighbou wm oints, and to the short duration of these 
| Cs due to a form of induction which produces 


| 

H stimuli, whi 
| a refract period. 

Th, Dieritic light sense, represented by the photopic vision 
ah cones, is minutely graded both in intensity and 


o 
Ze displaying a refined discrimination as regards 
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“ local sign.” Thus at the fovea the minimal visual angle 
which can be obtained binocularly can be as low as 2 seconds 
(Andersen and Weymouth, 1923), and here the discrimination 
l of colour exceeds the differentiation of any other sense. At 
| the same time, just as the dyscritic sense undergoes bio- 
i logically useful adaptations, the epicritic response retains 
some of the characteristics of the more primitive level. Thus 
at the macula a liminal stimulus is little differentiated in 
size or colour, and the perception of movement is retained 
(Hartridge, 1922-23.; Andersen and Weymouth, 1923). 

The Conduction of Visual Sensory Impulses.—Turning to 
the anatomical basis of these visual impulses and the nervous 
tracts subserving them, we have seen that in the retina the 
rods are dyscritic in nature and the cones epicritic. The 
optic fibres are relayed in the external geniculate body. 
This, as has been indicated (p. 279), is composite. The 
ventral nucleus is phylogenetically the older and corresponds 
with the entire external geniculate body of the lower 
animals ; it has no direct cortical projection and gives off 
the brachium tecti; it is therefore probably dyscritic.\ The 
dorsal nucleus, which is a later acquisition, and ich in 
man largely replaces the ventral nucleus and giv ste to the 
optic radiations, is probably epicritic. & 

The Syncritic Level, In the first ee have looked 


into the physico-chemical processes ou hich the physio- 


logical activity of the central nervo tem has emerged. 
The emergence of the higher level onsciousness is more 
difficult to understand, althougt, Parsons holds, it is not 


necessarily a fundamentally ES process in evolutionary 
history. The fact of its Ne: is to be accounted for 
by its utility to the in synthesising and integrating 
the apparently she i elements out of which perceptual 
patterns are buil LÉI two great co-ordinative processes 
through whose Fo the integration is accomplished are 
the condi NÈ the pluriceptive summation and the 
IS activities (even though they are of different 
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modalities) which the central nervous system satisfies (see 
Sherrington, 1920). 

It is admitted that these integrations, synthesised as 
they are from quite incongruous types and differing qualities, 
derive no obvious analogy from the syntheses that occur 
on the physical plane. This, however, provides no reason 
to assume that their nature is basically different. The 
patterns of consciousness are not an immediate reflection 
of the stimuli which impinge upon it, and the sensory 
response is not the mathematical but the psychological 
resultant of the activity of the sensory apparatus acting as 
a whole ; moreover, it is modified by the state of the central 
effector organs, the results of previous excitations, and 
the “ back-stroke influence ” of the higher centres. The 
repetition of approximately the same presentations (for no 
two presentations are identical) upon the plastic sensitive 
plate of the receptive nervous mechanism develops in it 
more and more highly differentiated patterns, setting up 
neural dispositions of ever-increasing complexity, capable of 
subserving more complex conscious res A and, by 
integration among themselves, more moe añd fluctuating 
perceptual patterns. And each of th inasmuch as it is 
biologically serviceable, is transmit, 

Thus the conscious response 
supra-physiological PED) hieh on psychological 
analysis are found to þe A ent upon secondary factors 
of empirical origin, theQssult of individual experience. 
There is evidence that t@yse processes, which with our present 
knowledge can MC) e interpreted psychologically, are 
elaborations of same type of processes which occurs at 
the lower level) But “ complete knowledge of any event 
seems to bchadbainable only by back-stroke from a higher 
level, arta Dis rule appears to hold good for every succeeding 
level. e can imagine a demon at each level who would 
k SEH about every level below his own, and 


ars to be modified by 


Ry ing about higher levels except what was dependent 
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directly upon the known processes of his own and lower 
levels. Above the top we can imagine a super-demon who 
would know everything.” 
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2 
ophthalmic, pressure in, 125-129 
retinal, pressure in, 128 
Atomic structure, 2 
Autoxidation system of lens, 225 


Bactericidal action of ultra-violet 
light, 260 
Binocular vision, 287 
visual tracts of, 287 


Biological action of light, 17, 225 
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Biomicroscopy, 84 
and spectro-analysis, 108 
with polarised light, 108 
with slit-lamp, 84 
with ultra-violet light, 105 
Blepharitis, treatment by photo- 
therapy, 264 
Blood, composition of, and aqueous, 
152 
count in sympathetic ophthalmia, 
249 
pressure in arteries of eye. See 
Arteries. 
and glaucoma, 194 
and intra-ocular pressure, 166 
high (systemic) and arterio- 
sclerosis, 184 
in man, 136 
vessels, development of, 69 
comparative development of, 81 
Bulbo-spinal root of trigeminal, 305 


Calcarine cortex. See Visual cortex. 
Capillary circulation, 138 
and aqueous humour, 151 
and glaucoma, 198, 203 
and intra-ocular pressure, 171 
and retinal hemorrhages, 187 
Capsular cataract, acquired, 224 
congenital, 218 
Capsule of lens, 
and accommodation, 45 
development of, 69 
permeability of, and cataract, 
228 
Carbon arc in diagnosis, 113 
in treatment, 257 
spectrum of, 258 
Cataract, 214 
acquired capsular, 224 
and capsular permeability, 228 
anterior axial ‘‘ embryonic ef 
aparathyroidea, in, 224 
capsular, 218 NA 
centralis pulverulent&W18 
clinical occurre aS 
complicated, 2: 


congenital, 215 

copper, astebed with, 225 

coronary, 
t 


devel al, 215 
di AN 224, 230 
f en for, 234 
A -like, 221 
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Cataract—continued 
extraction, 239 
by forceps, 239 
by suction, 238 
intra-capsular, 237 
floriform, 218 
fusiform, 218 
glass-workers’, 23, 221, 229 
intra-capsular extraction, 237 
lamellar, 220 
medical treatment of, 234 
Mongolian idiocy, in, 224 
morphology of, 214 
Myotonia atrophica, in, 224 
operative treatment, 234 
osmotic pressure, and, 228, 230 
pathogenesis of, 24, 227 
radiant energy, influence of, 24, 
227, 261 
reaction, effect of, 228 
secondary, 225 
senile, 220 
sensitisers, and, 227, 261 
siderosis, in, 224 
stellate, 218 
sutural, 218 
tetany, in, 224 
zonular, 220 
Cephalogenesis, 62 
Cerebellum, funcias of, 314 
Chalazion, TERN l, Janzesthesia in, 
269 
Chemical fes in retina, 27 
changes ens, 226 
compogtion of aqueous humour, 
, 144 
a, 276, 278 


Gs terol crystals in eye, 107 
oroiditis, phototherapy in, 265 


Ciliary body, development of, 68 
functions of, 155 
Circulation of aqueous, 157 
vascular, physiology of, 124. 
See also Blood. 
pathology of, 184 
Coagulation of lens proteins, 227 
Colliculus superior, 279, 324 
Colloid constituents of aqueous, 143, 
144 
Colour fields, 326 
extent of, 326 
Comparative embryology, 80 
Compensatory mechanism in intra- 
ocular pressure, 175 
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Complicated cataract, 224 
Composition of aqueous humour, 
143, 144 
Concentration of radiant energy in 
eye, 15 
Congenital cataract, 215 
capsular cataract, 218 
eye defects, 74 
causes of production, 77 
experimental production, 78 
mechanism of production, 75 
Conjunctiva, development of, 74 
Conjunctivitis, treatment by photo- 
therapy, 264 
Contact glass, 110 
Continuum, 8 
Copper, cataract associated with, 225 
Cornea, herpetic lesions in, 312 
light, action of, on, 19 
transmission of, through, 14 
opacities in, treatment by photo- 
therapy, 265 
slit-lamp EE 91 
Coronary cataract, 221 
Corpora quadrigemina. 
culus. 
Cortex, visual. See Visual cortex. 
Cranial deformities, radiographical 
appearances of, 122 
segmentation, 71 
Crossed and uncrossed fibres— 
in chiasma, 276 
in external geniculate body, 
281 
in optic tract, 277 
radiations, 284 
Cyclitis, treatment of by photo- 
therapy, 259, 265 
Cysts of iris, removal of, 271 


See Colli- 


Dacryocystitis, treatment by photo- 
therapy, 259 


276 
Deformities, cranial, radiogr N) 
appearances of, 122 
Dermotrophism, 308 C) 
Desensitisation in sympathetic oph- 
thalmitis, 251 + 
Development of cilë region, 68 
of conjunctiv; 
of iris, 68, 


of lens, N 
of lens e 69 


Ipfefitic mechanism, 323, < 
idemic herpes zoster, 309 
Decussation of visual nerve fibres) 
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Development of lids, 74 
of muscles, ocular, 68 
of pupillary muscles, 68 
of vitreous, 65 
of zonule, 69 
organo-typical, 60 
Developmental cataract, 215 
Diabetic cataract, 224, 230 
refraction, changes of, in, 
retinitis, 190 > 
Dialysis of aqueous humour, 156 
Differentiation of retinal layers, 68 
Diffuse illumination by slit-lamp, 
88 
Dilacerated cataract, 221 
Dilator muscle of pupil, 297 
nerve centres and tracts to, 297 
Direct illumination by slit-lamp, 87 
Diseission for cataract, 234 
Drainage channels of aqueous, 175, 
201 
Dust-like cataract, 221 
Dyseritie visual functions, 322, 


230 


Edinger-Westphal nucleus, 295 
Electric changes in retina, 30 

theory of retinal activity, 38 
Electrons, 2 


Embryology. See Development, 
comparative, 80 déi 


normal, 58 
Embryonic remnants 
Emergent evoluti 
Encephalitis her a, 307 


phaco - anaphy- 


323, 326 


quilibrium, physico-chemical, of 
aqueous and blood, 153 
Evolution, emergent, doctrine of, 
321 
External geniculate body, 279, 
290, 327 
Extraction of cataract, 237 
forceps extraction, 239 
intra-capsular extraction, 237 
suction extraction, 238 
Exudates, retinal, 186 
fate of, 188 


289, 
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Ferments in aqueous humour, 146 
Fibres. See Nerve fibres. 
Fields for colour, 326 
Floriform cataract, 218 
Fluids, intra-ocular. See Aqueous 
humour. 
Fluorescence, occurrence of, 19 
in aqueous, and diagnosis of 
glaucoma, 198 
in lens, 19 , 
and pupillary contraction, 
and ultra-violet biomicroscopy, 
106 
Fetal fissure, comparative embryo- 
logy of, 80 
Foramen optic, radiographical ap- 
pearance of, 120 
Fundus, examination of, 110 
with contact glass, 110 
with Gullstrand ophthalmoscope, 
112 
with red-free light, 112 . 
with yellow-green light, 116 
Fusiform cataract, 218 


29 


au 


General phototherapy, 255. See 
Phototherapy. 
Geniculate body. 

geniculate body. 
Geniculo-calcarine path, 283 
Glaucoma, 193 

adrenaline injections in, 208 

alcohol injections in absolute 

glaucoma, 271 

and capillaries, 198 

angle of anterior chamber in, 119 

arterial disease, in, 195 

blood pressure in, 194 

diagnosis, 203 

drainage channels in, 119, 201 

halos in, 52 


intra-ocular tension, varias 
of, 204 


iridectomy for, 204 WO 8 
iris pigment in, 204 N 
lens in, 201 O 

light sense in, a) 

osmotic pressura}; 197 


5 
therapy dr 9 
4 


See External 


'a-ocular contents, 200 
nent, 208 
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Glaucoma—continued 

vascular conditions, 194 

venous pressure in, 195 

vitreous in, 199 

volume pressure of eye in, 198 
Glioma, retinal, radiographical ap- 

pearances of, 121 
Gonioscope, 118 

clinical applications of, 119 
Gravitational influence on light, 9 
Gullstrand binocular ophthalmo- 

scope, 112 
slit-lamp, 84 


Heemorrhages, retinal, 186 
fate of, 188 
Halos, 52 
angular diameter of, 54 
differential diagnosis of, 53 
glaucomatous, 52 
pathological, 52 
photophthalmic, 52 
physiological, 52 
stenopzic test, 54 
Helmholtz’s theory of accommoda- 
tion, 43 
Herpes, 306 
“ motor,” 309 
simplex, 312 
virus, 306 
zoster epideg&us, B08 
r poliomyelitis, 


aricella, 309 
ornea, 312 


mptomaticus, 308 
ic encephalitis, 307 
tological structure of retina, 116 


Ghia “ membrane,” 67, 108 


Hydraulic theory of accommodation, 
44 
Hypopyon ulcer, anesthesia for 
Saemisch section, 268 
phototherapy in, 265 


Idiocy, Mongolian, cataract in, 224 

Immobilisation of lids, 269 

Immunological substances in aque- 
ous humour, 145 

Indirect lateral illumination by slit- 
lamp, 89 

Injection of orbicularis, 269 
retro-bulbar, of alcohol, 271 
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Injection, retro-bulbar, of novocaine, 
267 


of Tenon’s space, 268 
Integrations, perceptual, 322 
Intra-capsular extraction of cataract, 

237 
Intra-ocular fluids. 

humour. 

pressure, 163 

and aqueous, 171 

and blood pressure, 166 

and capillaries, 171 

and colloids, 170 

and compensatory mechanism, 
5 


See Aqueous 


and decubitus, 205 
and massage, 205 
and osmotic pressure, 170 
and venous pressure, 134 
and vitreous, 174 
and volume pressure, 171 
diurnal variation, 205 
in glaucoma, 204 
lens, influence of, on, 174 
maintenance of, 163 
variations of, 166 
Iridectomy for glaucoma, anssthesia 
in, 268 
Iridocyclitis, treatment by photo- 
therapy, 259, 265 
Iris. See Pupil. 
action of light on, 22 
contraction of, to light, 22, 297 
development of, 71 
gonioscopic appearances, 118 
pigment in glaucoma, 204 
slit-lamp appearances, 96 
tumours of, removal, 271 
Iritis, treatment by phototherapy, 
259, 265 


Keratitis, treatment of by photo- 
therapy, 259, 265 


Labyrinth, functions of, 314 NY 
reflexes associated with 

Lacrimal passages, CH of, 
122 

Lamellar cataract, 22 


Latent period of p 
Lens. See res 


accommo de ı»changes in, 44 
NT ystem of, 225 


and EN 199 


activity, 29 
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Lens—continued 
and intra-ocular pressure, 174 
capsule. See Cataract. 
accommodation, changes in, 45 
action of light on, 23, 228 
permeability of, 228 
development of, 63 
genesis of, 61 
light, action of, 23 
passage through, 14 
metabolism of, 225 
nuclei of, 64, 97 
opacity of. See Cataract. 
phototherapy, relation to, 261 
proteins of, 226 
coagulation of, 227 
radiant energy, absorption, 23, 
227 
serological properties of, 232 
slit-lamp appearances of, 97 
Lethargica, encephalitis, 307 
Lids, anesthesia for, 269 
development of, 74 
diseases of, and phototherapy, 264 
immobilisation of, 269 


` Light, abiotic action of, 18, 253, 260 


absorption of, 3 
in eye, 11 
action of, on cornea, 18 


on eye, 17 
NS 


on iris, 22 


on lens, 23, re) 
on retina, 26 


theories 
bactericida 


Een d 
natupe 
MO) iomicroscopy with, 108 
réd-iPe€, ophthalmoscopy with, 
2 
nen action of, 253 
general, 253 
local, 260 
thermal action of, 18 
transmission of, in eye, 11 
ultra-violet, biomicroscopy with, 
105 
fundus examination with, 112 
therapeutic action of, 253 
yellow - green, ophthalmoscopy 
with, 116 
Light sense in glaucoma, 205 
Lipiodol in radiography of lacrimal 
passages, 122 
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Local phototherapy, 260. See 


Phototherapy. 
Localisation of depth by slit-lamp, 90 
Lower visual paths, 274 
Macula, appearance in red-free 
light, 114 
Macular fibres in cerebral cortex, 
273, 282, 286 
in chiasma, 276, 278 
in external geniculate body, 
280 
in optic nerve, 276 
in optic tract, 277 
in retina, 114, 275 
Magneton, 2 
Massage and intra-ocular pressure, 
205 
Matter, structure of, 2 
Membrane, hyaloid, 67, 108 
pupillary, 71 
Mercury vapour lamp in diagnosis, 
113 
in treatment, 256 
spectrum of, 258 
Mesencephalic root of trigeminal 
nerve, 304 
Mesodermal structures in relation 
with eye, 71 
Migration of 
centres, 277 
Mongolian idiocy, cataract in, 224 
Monocular visual tracts, 287 
Motor functions of vision, 323 
Movement, perception of, 326 


nerve tracts and 


Muscle, pupillary. See Pupil. 
tone, 318 
Myodioptra, 50 
Myotonia atrophica, cataract in, 221 


Neck reflexes, 316 
Nerve centres, migration of, 2 Q 
fibres in chiasma, 276, Sie: 
in optic nerve, 276 


radiations, 283 
tract, 277 


in retina, (C 
optic, fibres in, 2 


radiogr al appearances of, 


Ds ui 


tracts, tion of, 277 


Dia ua), 302 
Neugisif\fetro-bulbar, radiographical 
ch ‚ärancesin, 121 

et 
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Neurobiotaxis, 277 
Neurofibromatosis, 
appearances in, 121 
Nuclear cataract, 221 
Nuclei of lens, 64, 99 
Nucleus, Edinger-Westphal, 295 
gelatinosus of trigeminal, 306 
oculo-motor, 292 
pupillary dilator, 297 
constrictor, 297 
sensibilis o and b of trigeminal, 
305 
trigeminal, 304 
Nystagmus, 317, 319 


radiographical 


Oculo-motor nucleus, 292 
Opacities, corneal, 265 
lenticular. See Cataract. 
Ophthalmic artery, pressure in, 125- 
129 
radiation lamp, diagnostic uses, 
105 
therapeutic uses, 263 
radiations, 283 
Ophthalmitis, phaco-anaphylactic, 
232 
sympathetic. 
ophthalmitis. 
Ophthalmoscope, Ch of Gull- 
tl 


See Sympathetic 


strand, 112 


Ophthalmoscop 'ed-free light, 
112 
with yelldwagfeen light, 116 
Optic f ən, radiography of, 


Neurrents, 35 
res, 275 
radiographical appearances in, 
121 
radiations, 283 
thalamus, 278 
tracts, 278 
Optics, physiological, 43 
Orbicularis, injection of for immo- 
bilisation, 269 
Organo-typical development, 60 
Oscillatory illumination by 
lamp, 89 
Osmotic pressure of aqueous humour, 
150 
and cataract, 228, 230 
and glaucoma, 197 
and intra-ocular pressure, 170 
therapy in glaucoma, 209 


slit- 
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Passage of light through the eye, | Pupil, Argyll Robertson, 300 
| 


11 oontraction of, to light, 22, 68, 297 
Perception, nature of, 320 constrictor nerve paths, 297 

of movement, 326 dilator nerve paths, 297 
Peri-orbital anæsthesia, 269 Pupillary membrane, remnants of, 71 
Phaco - anaphylactic endophthal- | musculature, 297 

mitis, 232 development of, 68 
Photophthalmia, 21 | 
Photopie vision, 29, 325 | Quantum, 4 
Photostasis, 279. 323 | theory, 4 
Phototherapy (ultra-violet), 253 of light, 5 

general, 253 of retinal activity, 37 


clinical applications, 257 


technique, 255 Radiant energy. See Light. 


local, 260 | Radiation, 2 
clinical applications, 264 radiational cataract, 221 
lens, effect on, 261 Radiography, 120 
technique, director, 262 in cranial deformities, 122 
ophthalmic radiation lamp, | in neurofibromatosis, 121 
262 in optic neuritis, 122 
Physical properties of aqueous | in retinal glioma, 121 
humour, 150 of lacrimal passages, 122 
Pigment, iris, in glaucoma, 204 | of optic foramen, 120 
in sympathetic ophthalmitis, 250 | Reaction of aqueous humour, 148 
Plasmoid aqueous, 152 and cataract, 228 
Polarised light, biomicroscopy with, and glaucoma, 199 
108 | Red-free light, ophthalmoscopy, 112 
Posterior saucer-shaped cataract, | Red nucleus, 318 
221 | Reflexes, neck, 316 
Posture, 314 postural, 316 N 
postural activity, mechanism of, centres for, SCH Oj 
317 | labyrinthine, 31 
and accommodation, 47 | light, 297 A 
and labyrinth, 315 | retinal, 3 O 
reflexes, 316 righting, a 
centres for, 318 | statige 
tonus of muscle, 47 | stat c, 317 
Presbyopia, accommodation in, 50 VQsuaPrichting, 317 
Pressure, arterial. See Artery. | më anesthesia, 267 
blood. See Blood pressure. | R&givity, theory of, 7 
circulation of aqueous, 160 e anants of pupillary membrane, 71 
intra-ocular. See Intra-ocula#k\SRenal retinitis, 190 


pressure. Retina, action of light on, 24, 26 
osmotic. See Osmotic pres WO | arteries, pressure in, 128 
venous. See Venous preg N | cerebral representation of, 273, 284 
Proteins of aqueous Ko / 144, | chemical changes in, 27 
| 
| 
| 


145 development of, 68 
of lens, 226 S | electrical changes in, 30 
coagulation of en) 


NS exudates in, 186 

Cy ties of, 232 | fate of, 188 

Proton,2 © `|  gliomata, radiographical appear- 
4 ances in, 121 


Pulse, RN, 
venous, X; hemorrhages in, 186 


N | fate of, 188 
iSO 22 


serological p 
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Retina—continued 
histological structure of, 116 
layers of, 68, 116 
nerve fibres, distribution, 275 
“ reflexes ” in, 34 
Retinitis, 186 
arteriosclerotic, 190 
diabetic, 190 
renal, 190 
Retro-bulbar injections of alcohol, 
271 
of novocaine, 267 
Retro-illumination with slit-lamp, 88 
Retro-lental space, 103 
Righting reflexes, 317 
visual, 317 


Saemisch section, anesthesia in, 268 

Salts in aqueous, 147 

Schiøtz tonometer, 180 

Scotopic vision, 29, 325 

Secondary cataract, 225 

Secretory theory of aqueous forma- 
tion, 155 

Senile cataract, 220. See Cataract. 
macular degeneration, 24 

Sensitisers and bactericidal 

of light, 260 

and cataract, 228, 261 
and thrombosis of capillaries, 261 

Sensory functions of vision, 325, 327 

Serological properties of lens pro- 
teins, 232 

Siderosis, cataract in, 224 

Slit-lamp, 84 
aqueous, examination of, 95 
clinical appearances with, 91 
cornea, examination of, 9] 
fundus, examination of, 116 
iris, examination of, 96 O 
lens, examination of, 97 Q | 
localisation of depth with, | 
retro-lental space, exą Nion 

of, 103 & 
in, 249 


sympathetic opting 


technique of, 86 

terminology of 4,97 | 

vitreous, exaaination of, 103 | 
+ . e 

zones of spe r reflection with, 

halmia, 21 

ption, 287 
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Spectro-analysis and biomicroscopy, 
108 
Spectrum of carbon are, 258 
of mercury vapour lamp, 258 
radiational (energy), 3 
Specular reflection with slit-lamp, 89 
Spino-thalamic tracts, 305 
Static reflexes, 316 
Stato-kinetic reflexes, 317 
Stellate cataract, 218 
Stenopeic test for halos, 55 
Strabismus operations, anesthesia 
for, 265 
Sugar in aqueous humour, 143, 144 
Sun-blindness, 16 
Superior colliculus, 279, 324 
Sutural cataract, 218 
Sutures of lens, 99 
Sympathetic nerve supply to muscle, 
318 
and accommodation, 47 
ophthalmitis, 244 
anaphylactic theory of, 244 
arsenical treatment of, 251 
blood count in, 249 
desensitisation treatment, 251 
diagnosis of, 248 
infective theory of, 247 
organism of, 2 
pathology x 
pigment t 
slit-lam 
f, 250 


treatnge 
herpes zoster, 308 


Symp X 
Syncri echanism, 323 


space, injection of, 268 
See Intra-ocular pressure. 
etany, cataract in, 224, 231 
Thalamus, optic, 278, 324 
Therapeutic action of light, 253, 260 
Thermal action of light, 18 
circulation of aqueous humour, 
161 
Thrombosis, 
tisers, 261 
Tonometer, anesthesia with, 182 
Bailliart, 181 
Schiøtz, 180 
types of, 180 
value of, 177 
Tonus, muscular, 317 
and accommodation, 47 
Trachoma, phototherapy in, 264 


capillary, and sensi- 
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Transmission of light through eye, 11 
Transudation theory of aqueous 
formation, 154 
Traumatic cataract, 221 
Trigeminal nerve, 302 
nuclei, 304. 
pathology of, 306 
Trigemino-thalamic tracts, 305 
Tscherning’s theory of accommoda- 
tion, 44 
Tuberculous lesions 
therapy, 259, 265 
Tumours of iris, anesthesia for, 271 
of optic nerves, radiography in, 
121 
of retina, radiography in, 121 


and photo- 


Ulcers, corneal, phototherapy in, 265 
Ultra-violet light, bactericidal action, 
260 
biomicroscopy th, 105 
cholesterol crystals in, 107 
therapeutic action. See Photo- 
therapy. 
Uncinate seizures, 283 
Uveal pigment, in 
ophthalmitis, q.v. 


sympathetic 


Vaceinia and herpes zoster, 309 
Varicella and herpes zoster, 309 
Vascular circulation, 124. See 


Arterial, Venous, Blood. 
Venous pressure in eye, 132 
and intra-ocular pressure, 134 
estimation of, 129 
in glaucoma, 195 
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Venous pulse, 131 
Vernal cataract, 

264 
Vestibulo-pupillary reaction, 301 
Virus, herpetic. See Herpes. 
Vision, photopic, 29, 325 

motor functions, 323 

scotopic, 29, 325 

sensory functions, 325, 327 
Visual acuity, 327 

angle, 327 

cortex, 282, 284, 290 

paths, 274 

purple, 28 

righting reflexes, 317 
Vitreous, development of, 65 

and intra-ocular pressure, 174 

in glaucoma, 198 

haze, phototherapy in, 260 

slit-lamp appearances of 103 

transmission of light through, 

14 
volume pressure of, 171 


phototherapy in, 


Wave theory of light, 5 
of matter, 2 


X-rays. 


Yellow-green light ër 


See Radiology. 


scopy, 116 
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